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Energy Levels of Silicon, Si I through Si XIV 

w. C. Martin and Romuald Zalubas 

Center for Radiatron Research, Natronal Measurement Laboratory, National Bureau of Standards, Washington, D.C. 20234 

Energy level data are given for the atom and all positive ions of ~ilicon (Z = 14). 
These data have been critically compiled, mainly from published matenal on measure- . 
ments and analyses of the optical spectra. We have derived or recalculated the levels for 
a number of the ions. In addition to the level value in cm-1 and the parity, the J value 
ana-The---conhguranon in<rterm-assignments ·arelistea---if known. Leadirig-·percentages 
from the calculated eigenvectors are tabulated or quoted wherever available. Ionization 
energies are given for all spectra. 

Key words: atomic energy levels; atomic ions; atomic spectra; electron configurations; ionization potentials; 

silicon. 
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This compilation is one of a series being published by 
the NBS Atomic Energy Levels Data Center. The main pro
gram of this center is the cntical compilation of energy level 
data, with emphasis at present on the frrst 28 elements. The 
more recent publications include compilations for Na I-XI 

[Martin and Zaluhas, 1981], Mg I-XII [Martin and Zalubas, 
1980], Al I-XIII [Martin and Zalubas, 1979], K I-XIX [Corliss 
and Sugar, 1979b], Ca I-XX [Sugar and Corliss, 1979], Sc 1-

XXI [Sugar and Corliss, 1980], Ti I-XXII [Corliss and Sugar, 
1979a], V I-XXIII [Sugar and Corliss, 1978], Cr I-XXIV 

[Sugar and Corliss, 1977], Mn I-XXV [Corliss and Sugar, 
1977], Fe I-XXVI [Corliss and Sugar, 1982], CO I-XXVII 

[Sugar and Corliss, 1981], and Ni I-XXVIII [Corliss and 
Sugar, 1981]. 

C. E. Moore's Selected Tables of Atomic Spectra, which 
include multiplet tables as well as energy levels, were begun 
with two sections covering Si II, Si III, Si IV [1965], and Si I 
[19671- The Si energy-level data compiled here of course in
corporate experimental and theoretical results obtained since 
1965 and 1967, but unfortunately it has not been possible to 
include corresponding new multiplet tables in the present pro
gram. 
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Since the general methods used in these compilations 
were outlined previously [Martin and Zalubas, 1979, 1980], 
our explanation here is confined mainly to the tables and the 
material preceding them. The levels for the Si spectra have 
been compiled from data available to us through August, 
1982. 

The basic data listed after the main he~ding for each 
spectrum, include the appropriate isoelectronic sequence (for 
ions), the configuration and term designation of the ground
state level, and the wavenumber corresponding to the princi
pal ionization energy. The ionization energy is also given in 
electron-volt (eV) units, an equivalence of 1 eV to 
806S.4.79±O.021 cm-1 being m:ed for the converRion [Cohp.n 

and Taylor, 1973]. 
We have tried to describe our use of the data from the 

references for each spectrum in sufficient detail to make 
apparent the sources for at least all major groups of levels. 
More complete references, and references for several types of 
data not included here, are given in several bibliographic 
publications [Moore, 1968, Hagan and Martin, 1972, Hagan, 
1977, Zalubas and Albright, 1980, Fuhr, Miller, and Martin, 
1978, Miller, Fuhr, and Martin, 1980]. Our starting point in 
collecting the references was Moore's Atomic Energy Levels, 
Vol. I. 

The symbols following the references indicate types of 
data or other content according to a code explained in the 
"Bibliography on Atomic Energy Levels and Spectral1 publi-
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cations [Hagan and Martin, 1972]. These symbols are 
especially useful for references otherwise listed without com
ment. We note that "EL," "CL," and "IP" refer to energy 
levels, classified lines, and ionization potentials, respectively, 
and "PT" and "AT" refer to theoretical results. 

The spectroscopic notations used in energy-level compila
tions of the AEL Data Center have been described fully 
[Martin, Zalubas, and Hagan, 1978]. This reference also 
describes the format of the tables in detail and includes 
material on coupling schemes, eigenvector p'ercentages, 
allowed terms, and the Zeeman effect. In general we use the 
notation and conventions outlined there without comment. 

-Tllelevels are given in units of cm-1-witnrespe·ct to·the 
ground level at zero. Odd-parity levels are printed in italics. 
The assignment of a set of levels to a terin is indicated by 
grouping the levels and by listing the configuration and term 
symbol for only the first (lowest) level of the group. Levels 
within terms are listed in order of position (not J value), and 
terms are listed in order of lowest levels, ungrouped levels 
beint; treated as terms. . 

The "Leading Percentages" column normally gives one 
or two percentages from a calculated eigenvector for the 
level. All percentages are rounded off to the nearest percent. 
and the % symbol is omitted. If the level has a name (under 
"Configuration" and "Term"), a first percentage not followed 
by a term symbol is for this name component. A first 
~~!~e.!!!a~e followed by a term symbol normally represent~ 
the largest component in the eigenvector of a level for which 
no particular name is appropriate, the configuration and 
parentage for this component being shown under 
"Configuration." If two percentages are listed without 
comment, the second percentage is the largest of the 
remaining percentages from the same eigenvector as the first 
percentage. The configuration for the second-percentage term 
is omitted for a level having both percentages from the· same 
configuration. If the levels of a term group also have second 
percentages from a common (second) term, this second
percentage term is usually printed only for the first level of 
the group. 

Any variation from the above conventions for the 
Leading Percentages is made obvious by the notation and is 
mentioned in the comments. 
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ENERGY LEVELS OF SILICON 

3. Tables of Energy Levels 

Si I 

Ionization energy 65 747.76 ± 0.25 cm-l (8.151 75 ± 0.000 04 eV) 

Wavelengths, Levels, ionization .:nergy 

325 

Radziemski and Andrew [i 965] measured 395 Si I lines yi~lded . about 60 additional high levels. Assumption of 
between 1976 and 12 271 A, including 192 interferometric electric-dipole selection rules limited the upper levels of 
determinations. With these data and unpublished vacuum- these transitions to odd-parity levels with / values 0, 1, 2, or 
ultraviolet wavelengths supplied by A. G. Shenstone, they 3. The dense group of high odd 3pns and 3pnd levels given 
added 80 new levels to those found earlier by Fowler [1929] . here are from these two references, the highest level of these 
and Kiess [1938]. The analysis by Radziemski and Andrew series also· observed in emission being the /=3 level at 
also included a number of revisions of the previous theoret- 64 662 em-I. The absorption-spectra data also included ad-
ical. interpretation and reevaluations of the known levels. ditional levels and several revisions of the earlier analyses in 
Litzen measured 102 lines in the infrared region 10289- the overlap region, beginning with the nominal 3p6d 3D; 
25 854 A and derived improved values for some of the level at 62 774.99 em-I. 
levels [Litzen, 1964, 1966]. Kaufman, Radziemski, and The uncertainty of most of the levels from the absorption 
Andrew [1966] measured about 220 Si I lines in the region spectra is estimated to be 0.20 em-lor less [Brown et aI., 
1~.48-2103 A wi11I .~r.oyed ~ccuracy (+O...JlO1D __ tQ __ 12.7..4],.1.h.e_.Y_alu..es._o.Lnw.st. of the leyels..given~.b.o1h Bmwn 
±O.003 A in most cases), the new data leading to an et a1. and Radziemski et a1. disagreeing by l€~ss than 
extension and slight revision of the odd-level analysis. These 0.10 em-I. We have in some cases taken averages of the 
new measurements were finally combined. with those by values from these two references. The higher lev~ls given to 
Litzen and by Radziemski and Andrew to obtain optimal one place have larger uncertainties, being derived from weak 
values for the then known levels, most with relative uncer~ or blended absorption lines. The high density of the upper 
tainties of ..!:O.005 to ±O.02 cm-) [Radziemski et aI., 1967]. 3pns and 3pndlevel system gave a fairly large I;lUmber of co-
This 1967 paper includes 100 calculated and 41 measured incidences of two or more levels to within the. experimental 
vacuum-ultraviolet wavelengths (1560-1992 A), all having uncertainty. In general, however, we have given a single posi. 
llncertaintie~ <0.0016 A linn mo~t <0.0010 A. fion for two different (theoretiCIII) series memhers only if the 

Almost all of the levels given here below 64 000 cm-I level values listed by Brown et al. coincide exactly or if the 
are from Radziemski et al. [1967]. These authors list the two values were derived from the same set of observed lines. 
relative uncertainty for each level, the uncertainty of the 3po Brown et a1. [1974] obtained a value of 66 035.00 
ground level being ±0.008 cm-1 and the uncertainties of the ± 0.21 cm-} for the Si II 3i3p 2p;/2 limit from the longest 
other three-place levels being ±0.005 to ±0.015 em-I. The and least perturbed of the series observed by them, the 
three-place value for the 3s3p35S; level (±0.006 em-I) is transitions· to the upper levels here designated 3pep;/2)nd 
from nadziemski and Andrew's remeasurement of the two (/2' 5/2);, This value and the value for the Si 11 3s!l.3p !l.P3/2-
transitions to the 3l3p23Pl and 3PZ levels that locate this 2P:IZ ground-term interval, 287.242 ± 0.015 cm-I [see Si II], 
level [El'yashevich and Nikitina, ·1956; Shenstone, see yields the principal ionization energy given above. Our slight 
Moore, 1958]. Only a few of the two-place levels of increase of the uncertainty might include the effects of any 
Radziemski et al. have uncertainties greater than systematic line shifts (pressure effects, etc.). 
±0.04 em-I. The few odd levels below 64 000 cm-I that are A few levels are given well above the upper of the two 
given to only one place have uncertainties of ±0.2 to Si II 3i3p 2po limits (the 2p~/2 limit). Shenstone found the 
±O.4 em-I. Several of the 3i3pnj levels for n=5-7 are 3s3p33S: level from transitions to all three of the 3p ground-
from classifications of lines in the solar spectrum by Lambert term levels (1255-1259 A), and he derived the 3s3pz4s 5p 
and Warner [1968]; the uncertainties are about ±0.05 to and 3s3p23d 5p levels by classifying a three-line group for 
±O.10 em-I. each term as the multiplet of transitions to the 3s3pl 55; level 

Brown et al. [1974] observed the absorption spectrum of [Moore, 1958; Radziemski ·and Andrew, 1965]. The levels of 
Si I from 1517 to 1882 A and classified most Of the lines as both 5p terms have been adjusted to agree with the most 
trsm~itions from 3s23p23p or In ground-configuration levels accurate measurements of the corresponding lines. Esteva, 
to 3i3pns and 3l3pnd upper levels having high n values. Mehlman-Balloffet, and Romand classified five vacuum-
Further analysis by Brown, Tilford, and Ginter [1975] ultraviolet absorption features as 3l3p2 3p_3s3p2(4P)np 3Do 

J. Phys. Chem. Ref. Data, Vol. 12, No.2, 1983 
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transitions (n=4-8; 944-1085.A). No fine structures were 
resolved, probably because of autoionization broadening. We 
list the fust two of the corresponding 3Do terms (n=4, 5) 
tentatively, pending a more complete interpretation of the Si 
absorption spectrum in this region. The 3i3p2 3p baricenter 
at 150 cm -1 has been assumed as the appropriate lower term 
position in deriving these 3n° positions to the nearest 
10 cm-l. 

Theoretical Interpretation, Even Levels 

The 3s3p3 configuration extends from the lowest odd 
term (58; at 33 326 em-I) to three terms predicted to lie 
ahove the limit, ID; (predicted at ,...., 79 300 cm -1), 3S~ 
(predicted at ...... 80 100 cm-I) and Ip~ (predicted at 
,...,,84500 em-I) [Cowan, 1981]. The predicted 38~ position is 
sufficiently close to the level 8henstone found at 
79664 cm-1 to support his identification. The lp; and In; 
levels have not been found, possibly because of large auto
ionization widths. The strengths of the two intercombination 
resonance lines 3i3p2 3p l,2-3s3p3 58; .are determined by a 
small 3s3p3 sp; component in the eigenvector of the 5S; level 
[Garstang and Dawe, 1962]; Cowan's calculation gives the 

-'fhe--8s?gp~ground--configuration--has--high-LS-coupling---- value·O.OO2-7-%-for-the--mixing-per{:Cntage. 
purity, the 3P2' ID2 and 3PO' ISO intermediate-coupling The interactions of the 3s3ps aDo and 3pa terms with the 
admixtures being only 0.030% and 0.019%, respectively lower 3i3pnd 3Do and spo terms, respectively, give rise to by 
[Garstang, 1951]. far the largest deviations from single-configuration approxi-

The 3i3pnp and 3s23pn/levels are grouped into terms of mations in thc lower part of the odd-level structure. Several 
the coupling schemes adopted· by Radziemski and Andrew. different calculations are in broad agreement that the compo-
The average purities of most of these configurations iIi one sition of the lowest 3Do term ( ....... 45300 cm-I

) comprises 
or more coupling schemes were quoted by Radziemski and roughly comparable 3s3p 3 and (total)3i3pnd contributions 
Andrew, hut eigenvector percentages for the individual levels [Radziemski and Andrew; Aymar; Tatewaki; Cowan]. The 
were not listed. The 3pnp levels were assigned J1j designa- compositions of the lowest few 3Do terms obtained by 
tions for n>6, and JI I coupling was found to be appropriate Tatewaki from a large configuration-interaction calculation 
for all the 3pnj configurations. using natural orbitals should be accurate, since these terms 

The 3pep~/2)rif 2[7/2] term is higher than the ep~/2) 2[%] have high LS-coupling purity and are fairly well separated 
term for n=4 and 5, but crosses to a position just below the from possible perturbing levels with significant (intermediate-
2[%] term for n ""'" 6. Cowan has pointed out that the obscrvcd coupling) 3Do componeni:l5 not included in the calculation. 
oroeroflliese terms fot-n; ="6--is--t}iat expected-forpurei]l--His resu1ts support 3s3p3..a:s-th-e--hest-single;;configuration--des-
coupling; his recalculations of the 3pnf configurations ignation for the lowest 3Do term, as originally suggested by 
verified that the J=3 levels of these two lower pairs change Shenstone [Moore. 1958]. 
order between n = 5 and 6, in agreement with the design a- Eigenvector percentages followed by notations of the type 
tioils by Radziemski and Andrew. "3pnd 3Do" are given for many of the odd levels, including 

The 3p7j levels are given here with the pair assignments those belonging to several 3Do terms. Such percentages 
that best match Cowan's predictions, but the resulting order represent the total 3i3pnd character of a particular LS type 
of the two ep; i2) 2[%] levels is inverted from the· predicted summed over all the nd orbitals included in the calculation 
order. These levels and the ep;/2)7j2f/2]3 level are listed (3<n<13 in Tatewaki's calculation; 3<n<12 in Cowan's 
wilh qUt::l:itiUll malks. We have omillt::J tht:: 3ptif Ie v d::; La:.;t::J calculatiun). Ow· quuting uf l:iuch 3p,ull:iullll:i a:s tht:: fir:;l per-

on solar lines for n> 8 [Lambert and Warner], pending a centages for many levels having specific 3pnd series labels 
more complete excitation and analysis of this part of the Si I (3p3d, 3p4d, etc.) in the first column serves to emphasize 
~pp.r.trnm in thp. lahoratory. thJlt thp. lJ1hels may havp. littlp. ~ignifir.:mr.p. p.xP.P.pt a~ a r.on

Theoretical Interpretation, Odd Levels 

Almost all of the known odd levels belong to the group 
of configurations 3s3p3 + 3i3pms + 3i3jmd {m>4, n>3}. 
Most of the leading percentages given here are from material 
furnished by Cowan, who has recently calculated the levels 
of these configurations up through ms = 7 sand nd = 12d, 
with all configuration interactions included. The percentages 
for the three lowest aDO terms are from a calculation by 
Tatewaki. 

The leading percentages for the 3i3pns levels in LS 
coupling are given up through 3p7s. Since the 3pns levels for 
n>6 are paired according to llj-coupling designations of the 
3pep;.)nsl/2 type, the appropriate LS term symbol lpo or 3po 
is given after the first percentage for the 3p6s and 3p7 s 
levels. The 3p6s and, especially, the 3p7s percentages are 
probably less accurate than the percentages for the lower 
3pns levels because of the omission of still higher 3pns config
urations from the calculation. 
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venient ordering of the series members. 
The 3s3p3 3Dt) and 3i3pnd 3Do percentages account for 

94 to 95% of the total composition of each of the three 
lowest 3Do terms according to Tatewaki's calculation, with 
the remaining 5 or 6% being contributed by various configu
rations having 3s excitation (other than 3s3p 3) that were not 
included in Cowan's calculation. The inclusion of such 
configurations would be much less important for most of the 
levels calculated by Cowan than spin-orbit effects omitted by 
Tatewaki; the second percentages for the nominal 3p5d. 
3p6d, and 3p7d 3Do levels from Cowan's results illustrate 
this point, and meaningful 3Do designations for most of the 
best candidate levels to continue this series above n = 7 were 
precluded by strong admixtures of other LS term types in the 
eigenvectors. 

The 3s3p3 3po composition is distributed along a series of 
terms all having mainly 3l3pnd 3p'" character, so that 
3s3p33po is inappropriate as a term designation. The second 
term of this series (near 56 700 em-l) has the largest 
3s3p 33po peroentage, but has a total 3pnd 3po percentage of 
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about 73% according to Cowan's calculation; this term is 
here named by the dominant component, 3p4d 3po, which is 
seen to contribute 50% of the composition. Only the total 
3pnd 3po percentages are listed for the third and higher mem
bers of this 3po series. The third term (near 60000 em-I), 
which has large 3p4d and 3p5d components but no appropri
ate series name, is here labeled "a 3po". The fourth and 
higher terms are labeled 3p5d, 3p6d, etc., these particular 
configuration names constituting more than 50% of the 3p~ 
composition in each easc. Cqwan's eigenvectors for the cor

responding 1=1 levels along the series also become purer fol
lowing this same configuration-labeling scheme. Beginning 
with 3pBd._tbJLl =0 .aruLI ;;=U-1eyels_of-the-series-.are-as
signed to the IIj-coupling terms ep;,2)nd3/2 (%,%t (see 
below). The n values for the 3pnd configuration assignments 
of these higher series members agree with those of 
Radziemski and Andrew (as revised and extended by Brown 
et al.), but Radziemski and Andrew's "353p33po" and 
"3p4d 3po" terms are here designated "3p4d 3po" and 
"a 3po", respectively. Cowan's results on the configurational 
compositions of the lower members of this series agree 
qualitatively with the results obtained by Tatewaki and 
Sasaki [1978], who noted that the 3s3l contribution to any 

the ground-configuration levels. The designations for the 
3pnd ID; series are continued through n=8 by a cor~ 
responding reassignment of the former 3F; levels for n = 7 
and 8. The 1=3 level of the 3p9d 3Fo term as derived from 
Cowan's predictions was formerly designated IF;. 

The higher members of five of the 3pnd series are 
relatively unperturbed, these being the J=O series, the three 
1= 1 series, and one of the 1=3 series [Brown et a!., 1974, 
Brown et a1., 1975]. Beginning with 3pBd or 3p9d, wehave 
assigned these levels to Id-eoupling terms, 3pep;l)ndj "II/t, 
with the following correlations to the LS designations of 
Brown et a1.: 

11j Term 1 LSTerm 

elz,%t. 1 Ipo 

(%,%t 1,0 3po 

<%,%)0 1,3· 3Do 
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328 w. C. MARTIN AND R. ZALUBAS . 

Si I 

Configuration Term J Level (cm-I) Leading percentages 

3s23p2 3p 0 0.000 
1 77.115 
2 223.157 

3s23p2 In 2 6298.850 

3s23p2 IS 0 15394.370 

-3s3pL ~CI_ -2- -33326.053- -100 

Sisp4s 3po 0 39683.163 99 

1 39760.285 98 1 Sp4s Ipo 
2 39955.053 99 

3s2 Sp4s Ipo 1 40991.884 97 1 Sp3d Ipo 

3s8p 3 3Do 1 45278.188 66 S9 3pnd 3n° 
2 45293.629 56 89 

3 45321.848 56 89 

3sz 3p4p lp 1 47284.061 

3s2Sp3d In° 2 47351.554 92 4 3s3p31n o 

3s~3p4p ~- - -1- 18j)20~0-'ZA- -

2 48102.S23 
3 48264.292 

3s23p4p 3p 0 49028.294 
1 49060.601 
2 49188.617· 

3s23p4p 3S 1 49399.670 

3s2Sp3d 3Fo 2 49850.830 98 1 3p3d 3po 
3 49933.775 99 1 3p4d 3Fo 
4 50054.80 99 1 3p4d3Fo 

SsZSp4p lD 2 50189.389 

Ss2Sp3d 3po 2 50499.838 81 16 3s3p33po 

1 50566.397 81 16 

0 50602.44 81 16 

3s2 Sp4p· IS 0 51612.012 

3s2Sp3d IFo 3 53362.24 96 8 3p4d IFo 

3823p3d Ipo 1 53387.334 92 3 3p5s Ipo 

3s23p3d 3n° 1 54185.264 80 3pnd 3n° 14 3s3p33n° 
2 54205.090 80 14 

3 54257.582 80 14 

3s2Sp5s 3po 0 54245.020 99 1 3p3d 3po 
1 54313.818 92 6 3p5s Ipo 
2 54528.220 98 1 3p4d 3po 
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ENERGY LEVELS OF SILICON 329 

Si I-Continued 

Configuration Term J Level (cm-I) Leading percentages 

&23p5s Ipo 1 .5.4 1/71.091 89 6 3p5s Spa 

&23p4d Ina 2 58503JJ48 86 4 3p3d Ina 

&23p4d 3po 2 58 890.903 50 26 &3p33po 
1 58700.25 51 27 

0 58733.38 50 27 

&2-3p5p 
-

ij> 
- --

I 56780.427 

&23p5p 3n 1 56978.256 
2 57017.496 
3 57198.027 

3823p5p Sp 0 57295.881 
1 57328.789 
2 57468.239 

&23p4d sFo 2 57372.297 96 2 3p4d in° 
3 57450.580 98 1 3p3d 3Fo 
4 57583.857 98 1 3p3d 3Fo 

&23p5p Ss 1 57541.918 

&23p5p 
-

Tr> 2 57798.072 

3s23p5p IS 0 58311.659 

382. 3p(2Pi/2)4f 2.[%] 3 58774.368 
2 58775.451 

&2 3pepi/2)4f 2[7/2] 3 58786.860 
4 58·788.880 

3823p4d Ipo 1 58801.529 86 6 3p6s Ipo 

3823p4d IFo 3 58893.40 89 5 3pSd IF~ 

3823p4d 3n° 2 59032.19 89 3pnd Sn° 5 383p33no 

1 59058.508 89 5 
3 59118.03 89 5 

382 3p (2PS/2 ) 4f 2[%] 3 59034.988 
4 59037.043 

3823p(2PS/2)4f 2[%] 3 59109.959 
2 59110.892 

382 3p(2PS/2)4f 2[%] 5 59128.40 
4 59131.912 

&23p(2PS/2)4f 2[%] 1 59190.46 
2 59191.072 

3823pepi/2)6s1l2 (1/2,%)0 0 59221.11 99 spo 1 3p4d spo 
1 59273.575 86 sp. 11 3p6s lp. 

&23p(2PS/2)6s1l2 (%,1/2)0 2 59508.359 95 Spo 2 3p4d spo 
1 59 838.887 79 Ipo 12 3p6s Spo 
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330 w. C. MARTIN AND R. ZALUBAS 

Si I-Continued 

Configuration Term J Level (em -1) Leading percentages 

3s23pnd a spo 2 59917.336 77 3pnd Spo 16 3s3pS spo 

1 60010.458 80 17 

0 60042.50 82 17 

3s23p5d In° 2 ·60300.860 76 14 3p5d SFo 

3s23p(2Pi/2)6Pl/2 (%,%) 1 60381.278 
~ - ~-o- -60~62-l.64- --

3s2 3p(2Pi/2)6pS/2 (%,%) 1 60487.103 
2 60496.358 

3s2 3p5d sFo 2 60 645.441 84 12 3pSd In° 
3 60705.464 96 1 3p5d lFo 
4 60848.946 98 1 3p4d SFo 

3s23p(2P3/2)6PS/2 (%,%) 3 60704.53 
1 60706.558 
2 60962.105 
0 61198.036 

3s2 3p (2P3/2) 6P1l2 (%,%) 2 60815.925 
1 60856.630 

-~ - .-

3s23p(2Pi/2)5f 2[%] 3' 61303.381 
2 61304.283 

3s23jJePi/2)5f 2[%] 3 61305.050 
4 61306.713 

3s23p5d lpo 1 61305.67 73 9 3p7s lpo 

3s23p5d lFo 3 61 423.23 76 8 3p6d lFo 

3s23pSC sn° 2 61 447.86 82 3pnd 3n° 13 3pnd spo 

1 61511.77 57 25 3p7s spo 
3 61574.814 87 8 3p5d lFo 

3s23p(2Pi/2)7s1l2 <%,%)0 0 61538.05 100 spo 

1 61595,49 56 'Spo 24 3pnd Sno 

3s23p(2PS/2 )5f 2[%] 3 61562.477 
4 61563.952 

382 3p(2P3/2)5f 2[%] 3 61597.404 
2 61598.145 

3s2 3p(2PS/2)5f 2[%] 5 . 61614.37 
4 61617.17 

3s23p(2PS/2)5f 2[%] 1 61647.36 
2 61647.875 

3s23pep3/2)7s1l2 (%,%)0 2 61823.550 92 spo 3 3p5d spo 

1 61881.60 65 lpo. 15 3p7s Spo 

3s23p5d spo 2 61841.94 72 3pnd·3po 12 3pnd sn° 
1 61936.13 80 7 3s3pS Spo 

0 61960.26 92 8 3s3pS Spo 
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Si I-Continued 

Configuration Term J Level (em-I) Leading percentages 

3&23p(2Pi/2)7p1I2 (%,%) 1 62141.8 
0 62318.7 

3&23p6d 1n° 2 62156.816 49 42 3p6d 3Fo 

3&23p(2Pi/2)7p3/2 e/2,%) 1 62226.39 
2 62231.99 

-

3&2 3p6d BFo 2 62349.93 54 38 3p6d 1n° 
3 62376.820 92 3 3p6d IFo 
4 62534.08 98 1 3p5d 3Fo 

3&23p(2PS/2 )7p3/2 (%,%) 3 62421.03 
1 62450.4 
2 62596.32 
0 62718.99 

3&2 3p (2P3/2 ) 7 Pl/2 (%,%) 2 62519.66 
1 62545.10 

3823p6d Ipo 1 62888.25 58 27 3pnd 30 o 

3823p(2Pi/2)6f 2[7/2] 3 62667.823 
_ A_ - fi2Jl6~l11L - -

3i 3p(2Pil2)6f 2[%] 3 62669.164 
2 62669.727 

3s2 3p6d 30° 2 62774.99 65 3pnd 30 o 29 3pnd 3po 
1 62925.80 63 28 3p6d Ipo 
3 62938.14 78 16 3p6d 1Fo 

3823p6d IFo 3 62802.86 61 12 3p6d 30 o 

3823pepi/2)8s1l2 (1/2,%)0 0 62806.65 
1 62813.26 

3823pep3/2)6f 2[%] 3 62935.76 
4 62936.81 

382 3p(2P3/2 )6f 2[%] 3 62954.46 
2 62955.00 

382 3p(2P3/2)6f 2[%] 5 62966.61 
4 62908.49 

382 3p(2Pi/2)6f 2[%] 1 62985.96 
2 62986.32 

3823p6d spo 2 63020.42 61 3pnd 3po 30 3pnd 30 o 

1 63097.36 87 8 3pnd 3Do 
0 63123.36 95 , 3s3p 33po 

382 3p(2P312 )&1I2 (%,%)0 2 63093.41 
1 83130.49 

&23p7d 3Fo 2 63204.89 60 30 3p7d in° 
3 63340.70 86 5 3p7d IFo 
4 63514.533 98 1 3p6d3Fo 
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332 w. C. MARTIN AND R. ZALUBAS 

Si I-Continued 

Configuration Term J Level (em-I) Leading percentages 

382 3p(2Pi/2)8p3/2 (%,%) 2 63225.5 

3823p7d 1Do 2 63356.24 54 34 3p7d 3Fo 

3823p7d lpo 1 63486.93 50 34 3pnd SDo 

3823p(2Pi/2)7f 2[%] 3 63488.011 
- - ---4-- -63-48R91-

3823p(2Pi/2}7f 2[%] 2 63489.441 
3 63490.66? 

382 3p7d 3Do 2 63575.35 51 3pnd 8Do 39 3pnd 8po 
1 63750.39 51 38 3p7d 1po 

3 63700.24 69 23 3p7d 1Fo 

3823p(2Pi/2)9s1I2 (%,1/2)0 0 63576.85 
1 63584.22 

3823p(2P3/2 )8p3/2 (%,%) 0 63618.6 

3823p7d lFa 3 63641.77 62 3pnd 1Fo 24 3pnd SDo 

~pep312)7f 2elil ---3---- 63-162;20- -"" 

4 63762.93 

3823pnd 2 63770.28 35 3pnd 3po 31 3pnd 3Do 

3823p(2PS/2 )7f 2[%] 3 63773.29 
2 63773.58 

382 3p(2PS/2)7f 2[%] 5 63781.97 
4 63783.31 

3823p(2PS/2 )7f 2[%] 1 63793.52 
2 63794.31 

382 3p7d spo 1 63844.65 81 3pnd Spo 12 3pnd Sn° 
0 63803.80? 97 3 383pS Spa 

382 3pSd SFo 2 63860.44 51 13 3pSd IDo 

3 63945.10 76 6 3pSd IFo 

4 64133.93 98 1 3p7d 3Fo 

3823pepS/2)9s1I2 (%,%)0 2 63863.84 
1 63884.61 

902 Sp8d lDa 2 89990.87 54 21 BpSd 3Fo 

382Sp8d Ipo 1 64020.42 49 3pnd Ipo 40 3pnd SDo 

382 Sp(2Pi/2) 10S1/2 (%,y~)O 0 64079.74 
1 64085.87 

3s2Spnd 2 61s 101s.88 40 3pnd 3po 38 3pnd SDo 

3s2 SpSd IFo 3 64187.80 48 3pnd IFo 26 3pnd 8Fo 
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Si I-Continued 

Configuration Term J Level (em-I) Leading percentages 

382Sp9d 3Fo 2 64243.30 57 19 Sp9d In° 
S 64351.93 60 8 Sp8d 3n° 
4 64550.37? 98 1 Sp8d 3Fo 

382 Sp(2P3/2)8dS/ 2 (%,%)0 1 64287.43 50 Spnd Ipo 42 Spnd 3n° 
S 64295.26 60 3pnd 3n° 38 3pnd IFo 

--Bs~_SpB(L - -- __ 2- -- -64-322.71- 40 ---sp~n~- 37--Spnd--~P~-

382 Sp (2pS/2) 8d3/ 2 (%,%)0 1 64337.81 78 3pnd 3po 18 3pnd 3n° 
0 64358.52 98 3pnd 3po 2 3sSp33po 

382 Sp(2PS/2) 108112 (%,1/2)° 2 64366.68 
1 64376.18 

3823p(2pi/2)9d3/2 (%,%)0 1 64393.66 42 Spnd 3Do 42 3pnd Ipo 

382 3pnd 2 64398.19 38 3pnd IDo 30 Spnd 3po 

382 Sp(2Pi/2) 118112 (%,%)0 0 64425.97 
1 64432.03 

382 Spnd 2 64488.72 42 3pnd IDo 29 Spnd 3po 

382 Sp10d sFo 2 64553.46 68 16 Sp10d IDo 

382 Sp(2Pi/2) 10ds/2 (1f2,%)° 1 64635.82 

-arSpnd- -2- - 04640.--'13 -

382Spnd 3 64647.46 

382 SpePi/2)9d5/2 (%,%)0 1 64 G54.97 
S 64 GG2.0J,; 

a;. Sp(2Pi/2) 12s1l2 (%.%)0 0 64674.61 
1 G4 G78.93 

382Spnd 2 64687.77 

&z 8p(2p3/2)9d3/2 (%,%)0 1 (1,4 (lOO.,4G 
0 64.703.23 99 Spnd Spo 1 3sSp3 Spo 

382 Sp(2Ps/z) 118112 (%,1/2)° 2 64713.05 
1 8.4, '/29.88 

3szSpnd 2 64758.Gl 

382 Spnd S 64 795.43 

382Spnd 2 64795.56 

382 Sp(ZPi/2) 11ds/2 (%,%)0 1 64832.70 

&2Spnd 2 64855.48 

3s2 Sp(2Pi/2) 13811z (%'Y2)0 0 64859.23 
1 64861.02 

382 Spnd S 64881.45 

382Spnd 2 84918.84 

&2 Sp(2P3/Z) lOd5/z (%,%)0 1 8,4 020.15 
S 64923.97 

&2spnd 2 64943.94 

382 SpepS/2) 10d3/2 <%,%)0 1 64948.12 
0 84952.58 

382 Sp(2P8/2)12s1l2 (%,%)0 2 64981.87 
1 64967.34 

J. Phys. Chem. Ref. Data, Vol. 12, No.2, 1983 



334 w.c. MARTIN AND R. ZALUBAS 

Si I-Continued 

Configuration Term J Level (cm-I) Leading percentages 

3s23pnd 3 61; 965.03 

3s23pnd 2 61; 982.37 

3s2 3pepil2)12d3/2 (%,%)0 1 61; 982.1;2 

3s2 3p(2Pil2) 148112 (Y2,%)0 0 65000.11 
1 65002.16 

-as2-3jiiUl- --2 "--- 65-025.30-

3s23pnd 2 65055.82 

3s23p{2Pi/2)13d3/2 (%,%)0 1 65092.05 

3sz 3pnd 2 b'b 099.38 

3s23pnd 3 65102.52 

382 3p(2Pl/2) 1 M1I2 (%.1/2)° 1 65108.7.4 
0 65109.1;7 

3s2 3p(2P3/2 ) I1ds/2 <%,%)0 1 65116.72 
3 65117.65 

3s23pnd 2 65125.26 

3s2 3p (2P3/2 ) 11d3/2 (%,%)0 1 65135.28 
0 65138.22 

- ---- . __ ., .... _----- --

3s2 3p(2P312 ) 13s1l2 <%,%)0 2 6511;6.11; 
1 65151.67 

,3s23pnd 2 65152.71; 

&23pnd 3 65170.67 

3s23pnd 2 65177.70 

&23p(2Pi/2)14d3/2 e/2,%)° 1 65181;.21; 

3s2 3pePi/2) 16s1/2 <%,%)0 0 65196.82 
1 65197.98 

3s23pnd 2 65203.73 

&23pnd 3 65226.60 

&23pnd 2 65231.21 

&23p(2Pi/z)15dS/2 . (Y2,%)0 1 65255.31 

&23pnd 2 65258.33 

&23pnd 3 65258.83 

382 3p(>'P312) 12dS/2 (%,%)0 1 85281.50 
3 65261;.91 

3s23p(2pi/Z)17s1l2 (%,%)0 0 65267.35 
1 65268.80 

3s23pnd 2 65272.J,.1 

3s2 3p (2P3/2 ) 12d3/2 (%,%)0 1 65278.23 
0 65280.10 

3s2 3p(2Pi/2) 1481/2 (%,%)0 2 65287.01; 
1 65291.26 

&23pnd 2 65295.03 

&23pnd 3 65307.30 
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Si I-Continued 

Configuration Term J Level (cm-I) Leading percentages 

3s23pnd 2 65311.78 

3s2 3p(2Pi/2) 16d3/2 (%,%)0 1 65316.57 

382 3pePi/2) 18s1l2 (%,%)0 0 65324.68 
1 65325.82 

3s23pnd 2 65330.38 

----8sg3pnd- -2-- 65-$49.50- --

3s23pnd 3 65349.72 

3s2 Sp(2Pi/2) 17d3/2 (%,%)0 1 65365.05 

382Spnd 2 65368.23 

3s2Spnd S 65369.94 

3s23p(2Pi/2)19s1l2 (%,%)0 1 65'372.80 
0 65372.98 

3s2 3p(2P3/2) 13ds/2 (%,%)0 1 65378.02 
3 &5979_19 

3s23pnd 2 65382.18 

3823p(2P3/2)13d3/2 (%,%)0 1 65388.96 
0 65390.89 

37Spnd 
- --- --~- f-

2 65393.91 

3s2 3p(2P3/2 ) 15s1l2 (%,%)0 2 65396.73 
1 65399.60 

3s2Spnd 3 65402.24 

3s2Spnd 2 65407.15 

3s23p(2Pi/2)18d3/2 (%,%)0 1 65407.72 

3s2 Sp(2Pi/2)20S1l2 (%,1/2)0 0 65413.38 
1 65414.0 

382 Spnd 2 65423.14 

382 Spnd 3 85433.14 

3823pnd 2 65433.17 

382 3p(2Pi/2) 19d3/2 (%,%)0 1 65441.93 

3823pnd 2 65446.05 

382 3p(2Pi/2)21s1l2 (%,%)0 0 65 #7.45 
1 65 #7.6 

382 3pnd 3 65453.23 

382 Spnd 2 65460.22 

3823p(2P3/2)14dS/2 (%,%)0 1 65468.0 
3 65471.53 

3s23pnd 3 85469.78 

382 3pnd 2 65470.7 

3s2 3p(2Pi/2)20d3/2 (%,%)0 1 65472.0 

382 3p epS/2 ) 14d3/2 I (%,%)0 :} 65478.35 
3823pnd 

3823p(2P31Z)14d312 (%,%)0 0 &5 ~7f}.1~ 
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Si I-Continued 

Configuration Term J Level (em-I) Leading percentages 

3s2 Sp(2PS/2) 16s1l2 (%,1/2)0 2 65489.96 
1 65486.67 

382Spnd 2 65488.40 

382Spnd 3 65494.05 

382 Spnd 2 65496.59 

-~-3p(2Pi/2T21a3/2 
.. -

(Y;%)<I~ -I -
1[5497.91 

382Spnd. 2 65506.81 

3823pnd :} 382Spnd 
65511,.9 

&23p(2Pi/2)22dS/2 (1/2,%)0 1 65519.99 

38z 3pnd 2 61) 1)22.63 

3823pnd 3 65528.19 

&23pnd 2 65532.0 

3823p(2Pi/2)23dS/2 (1;2'%)° 1 65539.72 

382 3pnd 2 65539.81 . 

-38:..spncL _-.8_ - iJ.5_53.9..99_ r-

3823p(2Pi/2)15dS/2 (%,%)0 1 65541.20 
3 65543.02 

&23pnd 2 65545.28 

382 Sp(2P312)15dS/2 (%,%)0 1 655.t,.9.05 
0 65550.33 

3823pnd 2 65551.19 

382 3p eps/2 )17 8112 (%,'12)° 2 65554.50 
1 65557.35 

3823pnd 3 65554.77 

Rq2 Hp(2p~/2)24d2l2 (%.3/2 )° 1 65555.69 

3823pnd 2 65557.07 

&23pnd 2 65565.03 

&23pnd 3 65568.83 

382 3pnd 2 65569.53 

&23p(2Pi/2)25dS/2 (1/2,%)0 1 655'/1.95 

382 3pnd 2 65575.9 

382 3pnd 2 [ 65580.7] 

3823pnd 3 [ 65580.9] 

382 3p(2Pi/2)26dS/2 (%,%)'? 1 6558.t,..8 

382 3pnd 2 65586.30 

3823pnd 3 65590.06 

3s2 3pnd 2 65592.12 

382 Sp(2Pi/2)27d3/2 (%,%)0 1 65596.21 

3823pnd 2 65597.05 
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Si I-Continued 

Configuration Term J Level (cm-I) Leading percentages 

3823pnd 3 65597.73 

3823pnd :} 65601.9 
382 3p(2PSI2) 16d5/2 (%,%)0 
382 3p(2Ps/2 ) 16d5/2 (%,%)0 3 65602.64 

3823pnd 2 65605.56 
.. -_._- - - - - -

3823pnd 3 65606.56 

382 3p(2PS12 ) 16ds/2 (%,%)0 :} 65608.44 
3s23p(2Pil2)28ds/2 (%,%)Q 
382 3p(2PS12 ) 16ds/2 (%,%)0 0 65608.63 

3.~2 3pnd 2 [ 8l; 80.9.1] 

3823p(2PS/2)188112 (%,%)0 2 65612.24 
1 65613.95 

3823pnd 2 [ 65613.3] 

3823pnd 3 65615.61 

3s23p(2Pi/2)29ds/2 (%,%)0 1 65616.3 

~3pn,d _. -U- - J15jj16~84 --

3s23pnd 2 65621.6 

382 3pnd is 65623.93 

3823pnd 2 65624.28 

382 3p (2Pi/2) 30ds/2 (%,%)0 1 65625.2 

3s23pnd 2 65628.3 

3s23pnd :} (15 (130.9 
3s23pnd 

3s23p(2Pi/2)31ds12 (V2,%)0 1 65633.15 

3sz 3pnd 2 65634.5 

3823pnd 2 65637.1 

3s23pnd 3 [ 65637.9] 

3s23p(2Pil2)32dS/2 (%,%)0 1 65640.16 

3s23pnd 2 65640.7 

3823pnd 3 65642.79 

3s23pnd 2 65644.03 

3s~ 3p('-pi/2)33ds/2 (%,%)" 1 65646.6 

3823pnd 2 65646.99 

3s23pnd 3 65647.43 

3s2 3pnd 2 65649.95 

382 3p (2pS/2) 17 d6/2 (%,%)0 1 65651.30 

382 3pnd 2 65652.19 
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Configuration 

3s2 3pnd 

3s2 3p( 2pS/2) 17 d5/2 

3s2 3p(2Pi/2)34ds12 

3s23pnd 

3s2?p(~~SJ2J ~ 7 ~3L2_ 

3s2 3pnd 

3s2 3p(2Ps/2 )17 dS/2 

a,2 8pnd 

as2 3p(2Pi/2)35dS/2 

as23pnd 

as2 3p(2PS/2 ) 198112 

as23pnd 

382 3p(2pg/2 ) 198112 

3s23pnd 

3s~ 3p(2Pi/2)36dS/2 

3s23pnd 

3s23pnd 

3s23pnd 

3s23pnd 

3s23pepi/2)37ds/2 

3s2 3pnd 

3s23pnd 

3s23pnd 

3s2 3p (2Pi/2) 38dS/2 

as23pnd 

as23pnd 

382 8p (?Pi/2) 89ds/2 

3s23pnd 

3s23p{2Pi/2)40ds/2 

3s23pnd 

3s23pepi/2)41ds/2 

3s23pnd 

3s2 3p(2Pi/2)42dS/2 

3s23pnd 

3s23p(2Pi/2)43dS/2 

3s23pnd 

as23p(2Pi/2)44dS/2 

3s23pnd 

w. C. MARTIN AND R. ZALUBAS 

Term 

<%,%)0 
<%,%)0 

(%,%)0 

J 

: } 
1 

2 

:} 
(%,%)0 0 

a 
<%,%)0 1 

2 

(%,%)0 2 

2 

<%,%)0 1 

2 

2 

3 

2 

(%,%)0 1 

2 

3 

2 

<%,%)0 1 

2 

3 

CI2,%)" 1 

3 

(%.%)0 1 

3 

<%,%)0 1 

3 

<1/2,%)° 1 

3 

(1/2,%)0 1 

3 

<%,,%)0 1 

3 

Si I-Continued 

65652.39 

65652.4 

65654.15 

65656.3 

65657.24 

&5 &5'1.50 

65658.0 

[ 65658.6] 

6566a26 

65660.9 

65662.00 

[ 65662.7] 

65662.80 

[ 65665.4] 

65666.8 

65667.2 

65667.26 

65669.8 

65670.71 

65670.91 

65671.4 

65672.98 

[ 65674.4] 

fl5 fl75.30 

65678.0 

65678.99 

[ 65681.1] 

65682.2 

[ 65683.7] 

[ 65685.2] 

65686.5 

65688.15 

65688.72 

65690.9 

65691.07 
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Si I-Continued 

Configuration , Term J Level (cm -1) Leading percentages 

3i 3p(2PS/2)18dS/2 (%,%)0 1 65693.00 
3 65693.90 

3823pnd 3 [ 65693.2] 

3823pnd 2 65695.2 

'3823pnd 3 65695.74 

~2 3p(2P3/~)18~s'-2_ ._IT2,%L 1 65 _€97.4L - --

0 65697.58 

3823p(2PS/2)20S1l2 (%,%)0 1 65701.56 

382 3pep3/~ )19ds/2 <%,%)0 1 65728.30 
3 65728.86 

3823pnd 2 65730.40 

3s23pep3/2)19ds/2 <%,%)0 1 65732.27 
0 65732.30 

3823p(2Ps/2)21s1l2 <%,%)0 1 65736.06 

....................................... .......................... ............... . ., .................................... 

Si n ePi/2) Limit 65 '147.76 

-3s~3p (2P-3t2)20dsI2- - - ~S;z}~ -3-- -- -65-758;86- - -

382 3pnd 2 65760.50 

3823p(2PSI2)20dsI2 <%,%)0 1 65761.36 

3823p<2PS/2)22sl/2 (%,%)0 1 65764.03 

3823pep;/?)21ds/2 (%.%)0 3 65 784.65 

382 3pnd 2 65786.0 

3823p(2P3/2)21dS/2 (%,%)0 1 65786.90 

asZ 3p(ZPg/2)23sl/2 (%/12)° 1 65789.56 

3823p(2PS/2)22dS/2 (%,%)0 3 65806.94 

8gZ 8pnd 2 65807./) 

3823p(2PS/2)22dS/2 (%,%)0 1 65808.80 

3823p(2PS/2)24sl/2 (%,%)0 1 65811.24 

3823p(2PS/2)23d5/2 (%,%)0 3 65826.36 

3823pnd 2 65827.3 

&2 Sp (2pS/2) 2Sds/2 <%/Y2) " 1 05821.98 

&2 3p(2PS/2 ) 24d5/2 (%,%)0 3 65843.45 

as23pepS/2)24ds/2 (%,%)0 1 65844.50 

&23pepi/2)25d5/2 (%,%)0 3 65858.50 

&23pepil2)25dS/2 (%,%)0 1 65859.72 

D,s2 ~p(2P3/2)26d5/2 (3/2,%)0 3 65871.88 

3823p(2Pi/2)26ds/2 (%,%)0 1 65872.83 

&l3p(zP:/jl ) 27 dS/2 (3/21%:)0 8 65889.80 

&23p(2PS/2)27ds/2 <%,%)0 1 65884.68 
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Configuration 

3823p(2pg/2 )28d3/2 

3823p(2pg/2)28d5/2 

3s23p(2pg/2)29d5/2 

3s23p(2PS/2)29d3/2 

3s23p(2pg/2)30d5/2 

-ss-2-3p(-2Pg/2-) 30ll3/2 

3s23p(2P312)31d3/2 

3s23p(2Pg/2)31d5/2 

3s23p(2PS/2)32d5/2 

3s2 3p (2P3/2 ) 32ds/2 

3623p(2PS/2)33d5/2 

3s2 3p (2P3/2 ) 33ds/2 

3s2 3p (2Pi/2) 34dS/2 

3s23p(2P3/2)34d3/2 

3s23p(2Pi/2)35d3/2 

3s23pePg/2)35d5/2 

3s23p(2P3/2)36d5/2 

3s23p(2Pi/2)36d3/2 

3s23pep3/2)37d512 

3s23p(2P3/2)37d3/2 

3s23p(2pg/2)38d5/2 

3s2 3p (2P3/2 ) 38d3/2 

3s2 3p (2P3/2 ) 39d5/2 

3s2 3p (2P3/2 ) 39d3/2 

3s2 3p (2pg/2 ) 40d3/2 

3s2 3p (2pS/2) 40ds/2 

3s23p(ZP3/2)41ds/2 

3sZ 3pep3/2)41d3/2 

3s2 3p (2PS/2 ) 42dS/2 

8823p(2P3/2)42d3/2 

3s23pCZPS/2)43ds/2 

3s23p(2pg/2)43dS/2 

3s2 3p(2pg/2)44d3/2 

3s2 3p (2pg/2 ) 44d5/2 

3s2 3p (2pS/2) 45d3/2 

3s2 3pePg/2)45d5/2 

3s23p(2Pi/2)46d512 

3s23pePg/2)46d3/2 

3s2 3p (2pg/2 ) 47 d5/2 

--

--

Term J 

(%,%)0 1 

(%,%)0 3 

(%,%)0 3 

(%,%t 1 

(%,%)0 3 

-1:-%~-3/2Jo 4-

(%,%)0 1 

(%,%)0 . 3 

(%,%)0 3 

(%,%)0 1 

(%,%)0 3 

(%,%)0 1 

(%,%)0 3 

(%,%)0 1 

(%,%)0 1 

(%,%)0 3 

(%,%)0 

(%,%)0 
(%,%)0 

(%,%)0 
(%,%)0 

(%,%)0 
(%,%)0 

(%,%)0 
(%,%)0 

(%,%)0 
(%,%)0 
(%,%)0 
(%,%)0 
(3/2~lt%)0 

(%,%)0 
(%,%)0 
(%,%)0 

(%,%)0 

(%,%)0 
(%,%)0 

(%,%)0 
(%,%)0 
(%,%)0 

3 

1 

3 

1 

3 

1 

3 

1 

1 

3 

3 

1 

3 

1 

3 

1 

1 

3 

3 

1 

3 
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Si I-Continued 

65894.14 

65894.52 

65904.12 

65904.47 

65912.60 

-657J13.J3-

65920.18 

65920.45 

65927.37 

65927.50 

OS 9/1/1.95 

65934.45 

65939.75 

65939.96 

65945.16 

65945.19 

65950.17 

65950.26 

65954.76 

65954.87 

65958.80 

65959.06 

65962.63 

65962.72 

65966.17 

65966.22 

65969.54 

65969.58 

65972.57 

G.5.972.G.4 

65975.36 

65975.41 

65978.19 

65980.66 

65980.95 

65982.98 

65983.38 

65985.09 

--

Leading percentages 
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Si I-Continued 

Configuration Term J Level (em -1) Leading percentages 

3823p(2P3/Z)47dS12 (%,%)0 1 65985.23 

. 382 3pep312)48dS/2 (%,%)0 3 65987.29 

3823p(2P3/2)48d3/2 (%,%)0 1 65987.J,.1 

3823pep3/2)49ds/2 (%,%)0 3 65989.29 

3823p(2P3/2)49d3/2 (%,%)0 1 65989.36 

-as2-Sp12P312)50ds/i '--~/2,%lo -3- -- 05"'9lJO:8r-
-

3823p(2PS12)50d3/2 (%,%)0 1 65991.07 

382 3p(2P3/2)51ds/2 (%,%)0 3 65992.59 

3823p(2P3/2)52dS/2 (%,%)0 3 6599J,..30 

3823p(2P3/2)53ds/2 (%,%)0 3 65995.81 

3s23p(2P3/2)54d5/2 . (%,%)0 3 65997.3J,. . 

3s23p(2PS/2)55d5/2 (%,%)0 3 65998.59 

3s23p(2P3/2)56d5/2 (%,%)0 3 66000.05 

Si II epS/2 ) Limit 66035.00 

3s3p3 3so 1 7966J,..0 100 

- - f- -

3s3p2 (4p) 4s sp 1 81724.6 
2 81826.2 
3 81976.16 

3s3p2(4p)4p anO? 1,2,3 92330 

3s3p2(4p)3d sp 3 94291.73 
2 94365.59 
1 94413.01 

3s3p2(4p)5p anO? 1,2,3 100J,.30 
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Sill 

Z=14 

Al I isoelectronic sequence 

Ionization energy. 131 838.14 ± 0.30 cm- l (16.345 98 ± 0.000 06 eV) 

-Shenstone-.observ.:ed .. this.-sp-e.ctmm_.as_.emitte.tL.hr.-S.eYeraL ____ a.ru:L.&3pms.,_c.an.~fi.J~.xpected,_ the_principal conf!gg..r~ti()JlS .. fQL 
dltterent sources and greatly extended the earlier analyses to some of these terms as given here being questionable. 
classify about 400 lines in the range 711-9413 A. All but Crossley's suggestion that the 3p32Do and 3s3p(3pO)3d 2Do 
one of the levels given here are from Shenstone's analysis, designations be reversed has not been adopted, however; as 
the values having been adjusted on the basis of more recent he points ont, configuration assignments made according to 

measurements of greater accuracy. the leading components in calculated multiconfigurational 
Kaufman and Ward remeasured several Si II wave- eigenvectors would not necessarily agree with assignments by 

lengths, mainly the basic transitions to the ground 2po levels his isoelectronic method. 
from the even doublets in the region 1304-1817 A. The Shenstone derived the principal ionization energy by 
new observations were later extended to other Si II lines, and fitting a Ritz formula to the 3ieS)ng 2G series for n = 5 
the redetermined levels differed slightly from the values through 10. His value has been lowered by 0.26 cm-I in 
dt:a.-iv~d Ly Kaufman and Ward [Kaufman, 1973, Kaufman accordance with the adjustment described above. The 
and Edlen, 1974J. On the hasis of these results, we have formula fits the ng 2G terms to within ±0.10 em-I, but the 
reduced Shenstone's values for the excited doublet levels by accuracy of the derived ionization energy may be limited by 
0.26 cm-I and his values for the quartet levels by 0.06 cm-I

. systematic effects such as possible Stark shifts; the error 
-The-high-;;excitation-3s3p(~.f-levels--were--adjusted-dif------listed-abov-e-is-;)nly·our--order-of-magnitude-estimate. 
ferently, since the positions of several of these levels were With the exception of the 3p 32Do and 2po levels, the 
based on transitions to both doublet and quartet lower odd known levels above the principal ionization limit belong to 
levels. The relative positions within this group have been terms based on the Si III 3s3p 3po limit. All the ~onfigura-
retained by reducing each level by 0.2 cm -1. tions located by Shenstone in this region, as well as several 

Kaufman and Ward give the ground 2po interval as other configurations, were included in calculations carried 
287.242±0.015 em-I, and the uncertainties of most of the out by Petrini to predict Si II autoionizationresonances 
two-place excited levels are between ±0.03 and [Artru et a1.; 1981]. The calculated position and 
±0.10 em-I. The accuracies of the other levels are limited autoionization width for the 3s3p(3p0)4p 2D term are in agree-
by larger uncertainties in the wavelengths, in some cases due ment with classification of a broad absorption feature 

to autoionization broadening or possible Stark shifts in some observed at 731 A [Esteva, 1979] as the transition 
of the sources used by Shenstone. Errors of several cm-1 3i3p 2po _3s3p(3pO)4p 2D. Since the calculated width is 
would not be surprising for some of the levels, and th~ uncer- 1200 cm -1, the experimental position is given to the nearest 
tainty of the very broad (auto ionizing) 3s3p(3pO)4p 2D term at 100 cm-1 only and is followed by "a" to indicate strong 
136800 cm-l is probably of the order of 100 cm-1 (see autoionization. The observed feature is assumed to be an 
below). inherently blended doublet, the calculated 2Ds12- 2D3/2 

The effects of several configuration interactions in each interval being only 125 cm-l [Artru et al.]. Magnusson and 
parity group were noted by Shenstone. The largest such inter- Zetterberg suggested deletion of Shenstone's level for 
action between the lower configurations, a strong mixing of 3s3p(3p0)4p 2Ds/2' The corresponding weakly established 
the 3s3p2 and 3s23d 2D terms, almost cancels the oscillator 2D3/2 level is also omitted here, the suggested reassignment 

strength of the nominal 3i3p 2po _3s3p2 2D resonance lines to 3s3p(3po)4p 2S1I2 appearing unlikely because the calculated 
[Fischer, 1976, 1981]. The leading percentages given for the autoionization width of the latter level is 46 cm- l [Artru et 
3l3p 2po, 3i4p 2po, 3s3p22D, 3s23d 2D, 3l4d 2D, and a1.]. We have also omitted four other levels in this region, 
3l4f2Fo levels are unpublished multiconfIguration Hartree- following suggestions of Artru et al. and/or Magnusson and 
Fock results obtained by Fischer [1981] in calculations of Zetterberg. 
the lifetimes of low-lying levels in this isoelectronic The 3s3p(3P°)4flevels are arranged in LSI-coupling pairs, 
sequence. The percentages for the 3s24s 25 and 3s25s 2:; lev- based on a calculation by Wyart L1980j. The leading 
els were calculated with the superposition-of-confIgurations percentages in LS coupling are also listed, following the word 
method [Fischer, 1968]. "or." Three interchanges of Shenstone's LS term as-

An extension of such calculations to higher configura- signments are implied, but in each case the eigenvectors 
tions would be useful. For example, significant interactions have highly mixed compositions. The tentative level at 
between certain terms of the odd-parity group 3p3, 3s3pnd, 157 186.6 cm-1 (j=3/J has been omitted as being too far 
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from the corresponding calculated position for the 
3s3p(3pO)4fD 2[2]3/2 level. The level at 156811.0 cm-1 ap
parently comprises both levels of the 3s3p(3po)4f G 2[4 ]7/2,9i2 

pair; Shenstone interpreted this level a$ two "indistinguish
ably close" levels of the 4G term. 

Esteva, J. M. [1979J, unpublished observations reported in the above 
reference by Artru et al. See Esteva, J. M., Mehlman.Balloffet, G., and 
Romand, J. [1972], J. Quant. Spectrosc. Radiat. Transfer 12, 1291--
1303. 

Fischer, C. F. [1968), Astrophys. J. 151, 759-764. AT 
Fischer, C. F. [1976J. Can. J. Phys. 54, 740-747. AT 
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3s3p2 4p % 
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% 
3s3pz 2D % 

% 
3s2e8)4s 28 % 
3s3p2 28 % 
882(lS)8d 2n 72 

% 

382eS)4p 2po % 
% 

3s3p2 2p 12 
% 

3s2eS)5s 28 % 
3s2 eS)4d 2D % 

% 
3s2(IS)4f 2Fo 7/2 

% 

3s2eS)5p 2po % 
% 

3s3p(3po)3d 2Do % 
% 

3s2(18)6s 28 % 
3s2(19)&1 2n 3/

2 

% 

W 
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Si II 

Level (cm-l) Leading percentages 

0.00 94 3 3p32po 

287.24- 94 3 

42824.29 
----42--932;62- -

43107.91 

55309.35 66 - 30 3sZ(18)3d zD 
55325.18 66 30 

65500.47 95 5 3p2e8)4s 2S 

76665.35 

79838.50 68 26 3s3p22n 
79355.02 68 26 

81191.34- 94 4 3p2e8)4p 2po 
81251.32 94 4 

8380l.9£; 
84004.26 

97972.09 95 5 3p2eS)5s 2S 

lU1023.U5 92 4 3pzeS)4d 2D 
101024.35 92 4 

103556.03 95 4 3p2e8)4f2FO 
103556.16 95 4 

103860.74-
lOS 885.25 

108778.7 
108820.6 

111184.46 

112394.56 
112394.72 

J. PhVA_ ChAm R4IlIf n~tlll Vnl 1? tJn ? 1GA".l 
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Si II-Continued 

Configuration Term J Level (em-I) Leading perce~tages 

882('S)5{ 2F" 7/2 113760.15 

% 113760.32 

3s2eS)6p 2po 1/2 113962.08 
% 113976.72 

-3s!(~J5g- ~G_ %,%- .- 114.fl'l..L 

3s3p(3po)3d 4Fo % 114265.6# 
% 11# 327.15 
% 11# #1#.58 
% 114 fJ29.14 

3s3p(3po)4s 4po % 116862.38 
% 116978.38 

'.% 117178.06 

3s2eS)7s 2S % 117914.80 

3s2eS)6d 2D % 118522.86 
% 118522.93 

~ 2po ~- 119245.22 
I--

% 119273.81 

382(18)6f 2Fo % 11!) tJl1.1!) 
5/2 119311.34 

3s2eS)6g 2G %,% 119578.23 

3s3p(3po)4s 2po % 12144#.12. 
% 121590.19 

8s2eS)& 2S % 121814.88 

3s2eS)7d 2n % 122163.48 
5/

2 122163.54 

3s2(1S)7{ 2Fo % 122655.25 
% 122655.37 

3s2eS)7g 2G %,% 122835.13 

3p3 48° % liJtl Otltl.5 

3s2(1S)8p 2po % 123097.63 
% 123138.67 

3s2eS)9s 2S % 124276.7 

3s3p(3po)3d 4n° % 12# 316.9 
% 12# 325.3 
% 12# 337.3 
% 124449.5 

3s2(lS)8d 2n %,% 124495.7 

.1 DhvCl ~ham Raf nAtA Vnl 1~ Nn ~. 1QR~ 
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Si n-Continued 

Configuration Term J Levei (em"'" 1) Leading percentages 

3s3p(3po )3d 4po % 124567.4 
% 124615.6 
% 124698.9 

3s2eS)8f 2Fo % 124822.08 
% 124822.14 

~~1gl8g ~ 

2G_ '!f2l!r 124-948.40~ 

3s2eS)9p 2po % 125024.9 
% 125099.7 

3s3p(3po )3d 2po % 126296.4 
% 126279.0 

3s2 eS)9f ?F" %,7/2 i2fJ 304.82 

3s2eS)9g 2G 7;2'% 126396.47 

3s2eS)10p 2po % 126525.8 
% 126545.4 

gg2(lS)10f 2Fo 5/z,% lfl7989.50 
f- -

3s2eS)10g 2G 7/2,% 127432.02 

3s2 eS)11f 2F'" %,% 128145.35 

3s2(lS)11g 2G %,% 128197.9 

3s3p(3po )3d 2Fo % 191 677.1 
% 191918.8 . 

808p(3pO )4p 4D % un 784.9 

% 131861.93 
% 131988.05 
7/2 132162.29 

...................................... ........................ . ................. . .................................... ~ 
Si meSo) Limit 131838.14 

3s3p(3po )4p 2p % 132592.1 
% 132676.2 

3s3p(3po )4p 4p % 134016.90 
% 134079.00 
% 134213.63 

3s3p(3po )4p 4S % 134905.28 

3p3 2n° % 195297.9 
% 195909.5 

3s3p(3po )4p 2n %,%. 136800a 

Sp3 2po % 149982.6 
% 144004.0 
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Si II-Continued 

Configuration Term J Level (em-I) Leading percentages 

3s3p(3po)4d 2n° % 149871.2 
% 149928.0 

3s3p(3po)5s 4po % 150321.8 
% 150442.5 
% 150657.5 

-3s3p(~PO )4d- 4F~ --% J51_0ll.5 -

% 151142.1 
7/2 151239.9 
% 151377.8 

3s3p( 3p" )4d 4'0" 1/2 152418.1 

% 152 431.6 
% 152 460.8 
"l2 152535.5 

3s3p(3po)4d 4po % 153093.6 
'% 153184.3 
% 159299.9 

3s3p(3po)4fF 2[2] % 155571.7 80 or 92 2F 

% 155623.1 '100 or 100 4F 
! - -- - -

3s3p (3po ) 4{ ~. 2[3] % 155609.9 92 or 50 'iF 

% 155633.5 79 or 92 4F 

3s3p(3po)4fF 2[ 4] 7/2 155665.9 93 or 51 2F 

% 155695.0 99 or 99 4F 

3s3p(3po)4fG 2[3] % 156676.1 99 or 99 4G 

% 156683.0 89 or 72 

3s3p(3po)4fG 2[ 4] 
"2 } 156811.0 89 or 73 2G 

% 95 or 88 4G 

3s3p(3po)4fG 2[5] 1% 156955.5 100 or 100 4G 

% 156963.2 96 or 89 2G 

3s3p(3po )4fD 2[3] % 157191.5? 99 or 75 2D 

7/2 157310.7 99 or 99 4n 

3s3p(3po )4fD 2[2] % 99 or 55 4n 

% 157411.2 99 or 75 4D 

3s3p(3po)4fD 2[1] % 157 461.1 100 or 56 2D 

1/2 157483.8 100 or 100 4D 

3s3p(3po) 5d 4Fo % 163907.5? 

3s3p(3po)6s 4po % 164110.9? 

3s3p (3po) 5d 4Do 7/2 164843.9? 

3s3p(3po)5d 4po % 164965.9? 

Si III 3s3p(3Po) Limit 184562.8 
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Si III 

Z=14 

Mg I isoelectronic sequence 

Ionization energy 270 139.3±0.7 cm-I (33.49327±0.00012eV) 

Toresson [1960] extended the observations and analysis 
of this spectrum to include about 360 classified lines over 
the range 423-9800 A.. The levels are taken from his paper. 
Comparisons of Toresson's wavelengths for several Si 1II 

lines in the 1100-1300 A. region with more accurate determi
nations by Kaufman [1968] give some discrepancies of 
±0.005 A, corresponding to wavenumber discrepancies of 
±0.3 to ±0.4 em-I. The comparison suggests possible 
errors of this order in the values of the excited levels with 
respect to the ground level and also for differences between 
excited levels connected only by transitions near the above 
region. The estimated error decreases to less than 0.2 cm-I 

for experimental wavenumber differences derived from lines 
above about 3000 A (33 000 em-I) and to less than 0.1 cm-I 

for differences from lines above 5000 A. (20 000 em-I). 
Toresson-deriv-ed-the-r-elativ-e-positions--of-the---3p4f-a-nd-

3p5g levels, which lie well above the Si IV 3s 2S1I2 ionization 
limit, by classifying a group of lines near 4355 A as 3p4j-
3p5g transitions. These levels are given with question marks 
because their connection with the rest of the Si III system 
was derived by Toresson from a single line tentatively clas
sified as 3p3d IF;-3pepO)4jF Zr/2]3' (The possible 3p51 
level is also based on a single line.) Three levels not experi
mentally connected with the rest of the 3p4f, 5g group are 
t;iYen with "+x." TOl"e5!!10n'!!I tentaliYe LS1-cuuplillt; ue::;i~lla
tions are given for the 3p4f, 3p51 and 3p5g levels, although 
he also assigns these levels to specific 3p 2po parent levels 
ifl 1 coupling. II = i or 3/2), Toresson notes that the ?'p4f F 
and 3p5g GO 

assignments would explain the low autoioniza
tion probabilities of these levels, since the available continua 
for these L values have the wrong parities (3sif FO and 
3sEg G, respectively). 

As in other spectra of the Mg I sequence, many of the 
known terms in Si III are significantly affected by config
uratiun intecKctiuns. Must uf the calculations that include 
such effects have been carried out to obtain theoretical oscil
lator strengths for the important multiplets [Weiss, 1967, 
Zare, 1967, Trefftz and ZaTe, 1<)6<). Vi~tOT et aL. 1976J The 
more strongly mixed eigenvectors for terms included in the 
available calculations have two to several significant compo
nents from the group 3snl + 3pn'I' + 3pn" I", where l' 
= t + 1 (l = s, p, or d) and l " = l - 1 (l = p, d, or I). The 
leading percentages for the 3s2 IS, 3p2 IS, 3s3p IpO, and 
3p3d IpO terms are from Zare's 1967 paper, and those for 
the 3p2 In, 3.s3d In, 3.,.4d In, &3d 3n, anu 3.,.4d 3n ltmws 

are from his 1966 paper. 

The Fercentages from Zare's Ipo eigenvector belonging 
mainly to 3p3d are listed with the level at 235 951 em-I, and 
the Ipo level at 228 699 cm-I is nominally assigned to the 
3p4s configuration; this interchange of Toresson's designa
tions was recommended by Trefftz and Zare [1969] and by 
Victor et al. [1976]. However, in addition to 3p3d and 3p4s 
components, the eigenvectors of these levels have significant 
3snp components; for example, the second largest component 
in the eigenvector of the nominal 3p3d 1 po level calculated 
by Fischer and Godefroid is 10% 3s6p I po (3p4s was not 
included), and Trefftz's calculation gave 3s7p as the leading 
configuration for this level [Trefftz and Zare, 1969; these 
authors list the main configurations in the compositions of a 
number of perturbed terms but not the numerical eigenvector " 
coefficients.] The percentages for the nominal 3s6p 1 po level 

-ar-e-fr-Om-Fisc--her-and-Godef-r-oid,the-sec-ond--percentage-r-efer
ring to the total 3pnd character of the level. Fischer and 
Godefroid note the sensitivity of the eigenvectors to 
relativistic-shift corrections, and Trefftz and Zare point out 
the model dependence of the eigenvectors for several terms 
as obtained from their separate calculations. 

Toresson found many perturbations in Si III, including 
higher 3snl series members for which no eigenvectors are 
available. The fine-structure splittings of the 3s6d 3D and 
&7 d 3n terms are greater than expected, almost surely owing 
to interaction with 3p4p 3D. The 3s8d 3DI and 3D2 levels are 
values predicted by Toresson using a fine-structure perturba- . 
tion formula. The 3s5p 3po. term is inverted by interaction 
with 3p3d 3po. 

Toresson's indications of the 3p3d 3Fo and IFo terms as 
interacting with the 3snf 3Fo and I FO series, respectively, 
have been confirmed by calculations [Trefftz and Zare, 1969, 
Fischer, 1980, Fischer and Godefroid, 1982]. The leading· 
percentages for the 3Fo terms are from Fischer's results, the 
lotal 3~ilif Chal"aclec being 111duueu ill each pe!c~lltat;e !!IO 
labeled. The percentages for the nominal 3s5/IFo and 

" 3p3d IFo levels are from Fischer and Godefroid. Toresson's 
3p3d configuration assignment for the upper of these levels 
(235414 em-I) is retained for convenience, even though the 
calculated composition is seen to be 65% 3snf. 

The four levels of each 3snl configuration with l> 5 
coincide to within the accuracy of the observations. Toresson 
determined the ionization energy by fitting Ritz and core
polarization formulae to the 3snh and 3sni series. We have 
inccealSeu the eccuc to induue a 0.5 C111-

1 Stalk-effect COIl

tribution estimated by Toresson and a 0.4 cm-1 error of the 
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terms with respect to the ground level. The estimated 
(standard-deviation) error of the ionization energy in e V 
includes the error in cm-l and an approximately equal COD

tribution from the conversion factor. 

Fischer, C. F., and Godefroid, M. [1982], Phys. Scr. 25, 394-400. AT The 
second 3s4f 1Fo component given in the first column of Table IV is a 
misprint, the correct value being -0.17432 (Fischer, C. F., private 
communication, 1982). 

Fowler, A. [1925], Philos. Trans. R. Soc. London, Ser. A 225,1-48. EL CL 
IP The 3s7i, 3s8k, 3s9", and 3s91 positions, given here in 

brackets, are from the polarization formula derived by 
Toresson. 

Kaufman, V. [1968], unpublished material. W 
Lon, S. H., Jr., Roos, C. E., and Ginter, M. L. [1966], J. Opt. Sue. Am. 56, 

775-778. ZE Lott et al. [1966] measured the g values for several Si III 
levels using pulsed magnetic fields of -27 T (270000 
gauss). The experimental values were consistent with 
theoretical Lande values to within the experimental uncer
tainties of 1-3%. 

Toresson, Y. G. [1960]. Ark. Fys. 18, 389-416. EL CL W IP 
Trefftz, E., and Zare, R. N. [1969], J. Quant. Spectrosc. Radial. Transfer .9, 

. 643-656. ND AT. The eigenvectors from Trefftz's calculations have not 
been published. 

Victor, G. A., Stewart, R. F., and Laughlin, C. [1976], Astrophys. J., Suppl. 
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Si III 

Configuration Tenn J Level (cm-I) Leading percentages 

382 IS 0 0.00 95 5 3p21S 

&3p lip" 0 52 724.69 
1 -52-g53.~8~ 

2 53115.01 

383p Ipo 1 82884.41 94 5 3p3d Ipo 

3p2 ID 2 122214.52 65 33 3s3d In 

3p2 3p 0 129708.45 
1 129841.97 
2 130100.52 

383d 3D 3 142943.74 99 

2 142945.84 99 
1 14294R2fi 99 

384s 3S 1 153377.05 

3p2 IS 0 153444.23 82 9 884s IS 

384s IS 0 159069.61 

383d ID 2 165765.00 60 26 3p21D 

384p 3po 0 175290.01 
1 1752G9.10 
2 175996.26 

384p Ipo 1 176.487.19 

8p8d BFo 2 198923.15 75 25 3snf3Fo 
3 199026.49 75 25 
4 1991GJ,.10 75 2fi 

384d 3D 1 201597.73 99 1 3p4p sD 
2 201598.28 99 1 

3 201599.48 99 1 
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Si III-Continued 

Configuration Term J Level (cm-I) Leading percentages 

3s4d ID 2 204330.79 86 4 3p4p ID 

3s4f ·IFo 3 201,; 828.06 

3p3d IDo 2 205029.09 

3s5s 3S 1 206176.08 

-&-os - -IS- O 207874.09 

3s4f 3Fo 2 209531.40 77 3snf 23 3p3d 3Fo 
3 209559.33 77 23 
4 209599.70 77 23 

3s5p Ipo 1 211,; 532.17 

3s5p 3po 2 211,; 989.27 
1 211,; 991,;.65 
0 211,; 995.1,;6 

3p3d spo 2 216190.21,; 
1 216 288.69 
0 216 350.26 

3p3a 3jy- 1 217385.77 
2 2171,;39.92 
3 2171,;89.1,;9 

3s5f IFo 3 225526.33 55 31 3pnd IFo 

8p4s 9p • 0 226400.00 
1 226527.1,;2 
2 226820.28 

3s5d 3D 1 227081.19 
2 227084.21 
3 227088.72 

3s5d ID 2 227665.09 

3p4s Ipo 1 228699.75 

3s6s 38 1 229623.19 

Rs5f 3Fo 2 290287.7 98 2snf 1 SpSd 3Fo 
3 230268.62 
4 230270.66 

885g 90 8 230801.22 
4 230301.66 
5 230302.35 

3s5g IG 4 230302.01 

3s6s 18 0 230364.46 

3s6p Ipo 1 23-'1387.64 69 28 3pnd 1po 
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Si lII-Continued 

Configuration Term J Level (em-I) Leading percentages 

3s6p 3po 0 23# #15.07 
1 23# 4,28.#0 
2 23# ##2.18 

3p3d IFo 3 235#13.93 35 3pnd 65 3snf l Fo 

3p3d Ipo 1 235951.09 70 16 3p4s lpo 
-

3s6d 3n 1 240262.28 
2 240284.28 
3 240314.63 

3s6d In 2 240549.77 

3s7s 3S 1 242145.10 

3s6f 3Fo 2 2#2.410.88 
3 2#2411.27 
.4, 2"2~lL'lO 

3s6g 3G 3 242473.66 
4 242473.86 
5 242474.81 

- -

3s6g IG 4 242474.27 

3s7s IS 0 242537.95 

3s6h 3H°,lHo 4,5,5,6 2#2639.38 

3p4p lp 1 242885.30 

3s6f IFo 3 2#3868.50 

3p4p 3n 1 244736.93 
2 244866.05 
g 2450&fUi8 

3s7p Ipo 1 2# 871.4,7 

3s7p 3p" 0 244 928.72 
1 2## 933.36 
2 2## 9#3.31 

3p4p 3p 0 247871.66 
1 247953.69 
2 248168.04 

3p4p In 2 247935.39 

3p4p 38 1 248772.86 

3s7d 3n 1 249093.5 
2 249103.90 
3 249121.14 

3sSs 38 1 249766.19 
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Si I11-:-Continued 

Configuration Term J Level (cm-I) Leading percentages 

3s7f 3Fo 2 249774.48 
3 249774.70 
4 249774.98 

3s7g 3G 3 249817.32 
4 249817.85 
5 249818.93 

IG 4- I-

3s7g 249817.94 

3sBs IS 0 249857.26 

3s7h 3Ho!Ho 4,5,5,6 249937.29 

3s7i 3I!I 5,6,6,7 [ 249 966.49] 

3s7f IFo 3 250366.22 

3s7d ID 2 250636.55 

3s8d 3D 1 [ 254002] 
2 [ 254004] 
3 254007.48 

~ ---SF -Z- 254557.03 
3 254557.26 
4 254557.64 

3s8g IG 4 254584.6 

&8g RG 3,4 254584.8 
5 254585.75 

3s8h 3Ho,IHo 4,5,5,6 254674.4 

3s8i ·31,11 5,6,6,7 254694.99 

gg8k 3Ko/Ko 6,7,7,8 [ 25-'f 702.29] 

3s8d In 2 254766.75 

3s8f iF- 3 254855.42 

3s9d 3n 1,2,3 257415.6 

3s9f 3Fo 2,3,4 257831.4 

3s9d In 2 257848.5 

3s9g 3G 3,4,5 257853.6 

3s9h 3Ho,IHo 4,5,5,6 257922.0 

3s9i 31,11 5,6,6,7 257936.99 

3s9k 3Ko.IKo 6.7.7.8 [ 257942.30] 

3s9l 3L,IL 7,8,8,9 [ 257 944.45] 
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Si III-Continued 

Configuration Term J Level (cm -1) Leading percentages 

3s9f IFo 3 258013.37 

3p4p IS 0 258978.66 

3p4d Ino? 2 .267483.87 

3p4d 3FO? 4 267686.48 
- -- ~.~ 

.................................... ............................. . ............... ....................................... 

Si IV (2g112) Limit 270139.3 

3p(2po)4fF 2[0/2]? 3? 278920.68? 

3p(2po)4fF 2[%]? 3? 278938.08? 
4? . 278938.08+x 

3p5p Ip 1 282291.19? 

3p(2po)5fF 2[%]? 3? 301484.51? 

3p(2po)5g GO 2[%]0? 5? 301884.14+x 
_.- 4? Ilf11..890.97 +,,-

3p(2po)5g GO 2[%]0? 3? 301887.94? 
4? 301892.26? 

SiIV (2Pi/2) Limit 341426.8 

Si IV ep 3/2) Limit 341887.9 
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Si IV 

353 

Z=14 

Na I isoelectronic sequence 

Ionization energy 364 093.1 ± 0.6 cm-l (45.142 15 ± 0.00014 eV) 

The levels are from Toresson [1960a], who measured the 
spectrum- fr~~-457 to 9018 A.-'fh~-3p- -~;;'~:i3d levels were 
determined by vacuum-ultraviolet lines and may have errors 
of about ±0.3 cm-1 (s~e Toresson, 1960b, and our comments 
for Si III). The 4s and 4p levels are also connected to the 

lower le-vels only through vacuum-ultraviolet transitions. The 
energy separations within the entire group of levels having 
n>4, including the 4s and 4p levels,. were determined by 
lines above 2000 A..; "the agreement between observed and 
recalculated wavenumbers indicates an average accuracy . of 
a~out ±0.1 em-I" for the relative positions within this group 
[Toresson, 1960a]. 

Toresson determined the ionization energy by fitting a 
core-polarization formula to the 4f, Sf, and 5g terms. The 
values of all nl terms with 1>3 can be predicted with this for

Jllll1a The predicted--ya!uesJOLterms-OLthis .group-having 
higher n andlor I may be more accurate than the experimen
tal values, because of Stark shifts probably included in the 
latter. The predicted and experimental values of the Sf, Bg, 
6h, 7k, and 7i terms differ by more than 0.4 cm-1 in each 
case, the difference for the 7i term being 0.99 em-I. 

Fischer calculated multiconfiguration eigenvectors for the 
3s, 3p, 45, and 4p terms in connection with a theoretical 
study of oscillator strengths for the Na I sequence. The least 
pure of these terms in Si IV, the 3$ 2S ground level, has only 

a.0.2% total contribution from the higher (excited core) con
figurations included in the calculation. 

Si IV 

Configuration Term J Level 
(cm-I) 

as 2g lIz 0.00 

3p 2po % 71287.54 
% 71 748.64 

3d 2D % 160374.41 
% 160375.60 

4s 28 % 193978.89 

4p 2p" Y2 218 266.86 
% 218428.67 

4d 2D °/2 250008.02 
% 250008.14 

The 2D levels of_~o_~ the 3~LI:lJ:ld 4d te1"Il!~_are igyert 
from their normal order, Si IV being the last Na I-lib. 
spectrum in which such 2D inversions are found. The positive 
fine-structure interval for the 5d term (+0.10 em-I, normal 
order) is apparently well established by the measurements, 

although Toresson does not state the uncertainty. He notes 
that "the observations indicate a positive separation for 
6d 2D and 7 d 2D, but the values are of the same order of 
magnitude as the observational errors." Recent theoretical 
studies of nd 2D fine structures in the Na I sequence have 
been made by Luc-Koenig and by Lindgren and Martensson, 
both papers including references for earlier calculations. 
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Configuration Term J Level 
(cm-I) 

4{ 2FO % 254127.08 
% 254129.03 

5s 28 % 265417.95 

5p 2po % 276503.67 
% 276579.03 

5d 2D % 291497.50 
% 291497.60 

5f 2FO %,7/2 293718.99 

5g 2a %,919. 293837.92 
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Si Iv-Continued 

Configuration Term J Level Configuration Term J Level 
(cm-l) (cm-I) 

6s 28 % 299676.95 7g 2a -%,% 828249.64 

6p 2po 1/2 305641.10 7h 2Ho %,11/2 328257.12 
% 305682.27 

7i 21 1%,1% 328260.76 
6d 2n %,% 313914.92 

- - --&- --
2g- 1{2_ 330439.66 

6f 2Fo %,7/2 315230.27 
8p 2po 1/2 332743.87 

6g 2G %,% 315305.28 % 332759.92 

6h 2Ho %,11/2 315317.36 8d 2D %,% 336051.55 

78 28 1/2 318742.79 8f 2Fo %,% 336616.55 

7p 2po % 322312.93 8g_ 2G 7/2,% 336650.69 

% 322337.83 
.................................... .......................... .................... ...................... 

7d 2n %,% 327361.97 
Si v eSo) -Limit 864098.1 

7f 2Fo %,% 328200.04 
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Siv 

355 

Z=14 

Ne I isoelectronic sequence 

Ionization energy 1 345070 ± 25 cm-1 (166.769 ± 0.003 eV) 

The levels are mainly from Brillet [1976] and Brillet and 4d, 4f, 5f, and 5g configurations. Leading percentages for 
A.rtru-l-l-91-6],-who-e-xtended-the-observ-ations--and-analyses-of--. the-2p~pilnd-4d-levels-in-thrlIl~co1Ipling-scheme are taken 
the resonance-lines spectrum by Soderqvist [1934] and 
Ferner [1941]. Brillet determined the excited levels to about 
±20 cm -1 with respect to the ISO ground level by 
measurements of resonance lines from the 2p53s, 3d, and 4s 
levels having 1=1 (90-119 A). The four 2p55d and 6d 
levels ( 1= 1) from Ferner's observations of the cor
responding resonance lines near 80 A are probably accurate 
to about ±80 cm-I. 

Brillet lists about 90 lines in the 500-1732 A region 
classified as transitions between the 2p53s, 3p, 3d, and 4s 
levels. Brillet and Artru give about 120 additional lines over 
the range 460-3604 A whose classifications yielded the 
2p54p, 4d, 4f, 5f, and 5g levels. The relative positions of the 
2p53s and 2p53p levels, except 2p53p ISO' are accurate to 
about ±O:5 em-I, andl:h~rSo level and---rh--e2]f3a
levels are accurate to about ± 1 cm -1 relative to the other 
2p53p levels. The 2p54s levels are determined to about 
±2 cm-l and most of the higher levels to about ±3 cm-1 

with respect to the lower excited levels. Several of the 2p55J 
levels have larger uncertainties. about ±15 cm-1 [Brillet and 
Artru]. _ 

The leading percentages for the 2p53p and 3d levels are 
from Brillet's paper. The levels of these configurations are 
listed as belonging to LS-coupling terms, but the strongly 
mixed compositions of several of the eigenvectors,. such as 
those for the nominal 2p53p In2, 3P2 and 2p53d In;, 3n; 
levels, should he noted. Dl-illet and Artru give euel-gy 

parameter values derived by fitting the levels of the 2p 54p, 

Si V 

from their paper, percentages lower than 5% having been 
omitted in both papers. The 2p54f, Sf, and 5g configurations 
have high 11 i-coupling purities. Brillet and Artru note that 
the experimentally unresolved 2p55g pair splittings must be 
less than "a few em-I." 

The interchange of Ferner's 2p53d Ip; and 3n~ 
designations is confIrmed by the relative intensities of the 
corresponding two resonance lines and by Brillet's cal
culation. The corresponding two levels given by Ferner for 
the 2p55d and 6d configurations are tabulated here as 
belonging to 11 i-coupling pair terms by analogy with the 
2p54d confIgUration. 

The mixing of the Ipo and 3po components in the eigen. 
vectors of the two 2p53s levels having 1=1 is important in 
calculatIons oftlie strengths of die correspondmg resonance 
lines; the 10% mixtures given here are from Murphy's 
calculation. 

Brillet and Artru derived the ionization energy by fitting 
a core-polarization formula to the 2p54J, Sf, and 5g levels. 

¥ 
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Configuration Term J Level (cm~l) Leading percentages 

2p6 IS 0 0 

2p5 38 9p " 2 838017.4- 100 

1 840590.0 90 10 Ipo 
0 843070.6 100 

2p5 3s Ipo 1 848511.2 90 10 3po 

2p5 3p 3S 1 906252.3 99 

2p5 3p 3n 3 917928.5 100 

2 918959.4 86 11 In 
1 920863.9 86 8 lp 
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Si v-Continued 

Configuration Term J Level (em-I) Leading percentages 

2p53p In 2 924291.7 50 48 3p 

2p53p lp 1 925947.3 58 28 3p 

2p53p 3p 2 927398.2 48 39 ID 
0 927 805.7 100 
1 928405.4 65 33 lp 

2p53p Ts - - -

0 !JtiZ ~50 100 

2p53d 3po 0 1017629.0 100 
1 1018235.5 99 
2 1019537.4- 95 

2p5 3d 3Fo 4 1021384 100 
3 1022351 79 19. IFo 
2 1024240 84 9 IDo 

t.p6 3d IFo 3 1025526 65 24 3Do 

2p5 3d IDo 2 1029340 51 34 aDo 

2p53d 3Do 1 1029407 91 8 lpo 
~ 1029875 74 16 IFo 

-
2 1030414 57 is---tno---

2p53d lpo 1 1036915 92 8 3Do 

2p5(2PS/2>4s 2[%]0 2 1099374 
1 1100739 

2p5 (2Pi/2) 4s 2[1/2]0 0 11041,45 
1 1105585 

2p5 (2P3/2) 4p 2[%] 1 1124243 88 12 ePi/2) 2[%] 
0 1133049 52 48 (2Pi/2) 2[%] 

2p5 (2P3/2) 4p 2[%] 3 1127908 100 

2 1128480 83 14 (2PS/2) 2[%] 

2p5(2PS/2)4p 2[%] 1 1129479 95 5 ePil2) 2[%] 
2 1130097 85 15 e p3/2) 2[%] 

2p5(2Pi/2)4p 2[%] 1 1133330 94 5 ep312) 2[%] 
2 1134184 96 

2p5(2Pi/2)4p 2[1/2] 1 1134185 88 12 (2PS/2 ) 2[%] 

0 1144957 52 48 (2PS/2 ) 2[%] 

2p5(2PS/2)4d 2[1/2]0 0 1163210 100 

1 1163636 78 18 (2PS/2 ) 2[%] ° 

2p5(2P3/2>4d 2[%]0 2 1164459 91 9 (2Pi/2) 2[%r 
1 1168621 73 16 (2Pil2) 2[%r 

2p5ep3/2 )4d 2[%]0 4 1164645 100 

3 1165183 90 8 (2PS/2) 2[%]0 

! i 
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Si v-Continued 

Configuration Term J Level (cm-I) Leading percentages 

2p 5 (2P812 ) 4d 2[%r 2 1166166 94 6 (2Pi/2) 2[%r 
3 1166549 89 9 ep3/2 ) 2C1Z] 0 

2p 5(Zpi/2)4d 2[%]0 2 1170425 94 6 epS/2 ) 2[%]0 
3 1170828 96 

2p5(2Pi/2)4d 2[%]0 2 1170743 91 9 (2P3/2) 2[%] 0 

"-1- - --JJ:79988- 80 lC --c-2p:/Zr2r1Jilo-

2p5(2Pil2)4f 2[%] 1 1172483 
2 1172545 

2p5 (2pS/2) 4f 2[%] 5 1172886 
4 1172895 

2p5ePg/2)4f 2(,%] 3 1173 122 
2 1173 182 

2p5(2PS12 )4f 2[%] 3 1173520 
4 1173530 

2p5 (2Pi/2) 4f 2[%] 3 1178227 
4 1178241 

- -

2p5(2Pi/2)4f 2[%] 3 1178288 
2 1178272 

2p 5(2pS/2)5d 2[%]0 2 
1 1232850 

2p5(2PS/2 )5f 2[%] 1 1234699 
2 1234708 

2p5(2Pa/2 )5f 2[%] 5 1234901 
4 1234910 

2p5(2pS/2)5f 2[%] 3 1235029 
2 1235077 

2p 5(2PsI2 )5g 2[%]0 2,3 1235163 

2p{)e~PS/2)5g 2[1%]0 5,6 1235221 

2p 5(2PS/2)5f 2['12) 3 1235230 
4 1295298 

2p5(2pS/2)5g 2[%]0 3,4 1235321 

2p 5(2p3/2)5g 2[%]0 4,5 1235380 

2p5 (2Pi/2) 5d 2[%]0 2 
1 1237520 

2p 5 (2Pi/2) 5f 2[%] 3 1240110 
2 1240177 

2p5(2pi/2)5f 2[%] 3 1240118 
4 1240122 
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Si v-Continued 

Configuration Term J Level (cm-I) Leading percentages 

1 
2[%]0 8,4 

I 
2p 5 (2Pi/2) 5g 1240373 

2[%]0 4,5 

2p 5 (2PS/2) 6d 2[%]0 2 
1 1267380 

2p5 (2Pi/2) 6d 2[%]0 2 
~ -1 127fll!lfT -

....................................... .......................... ................. ...................................• 

Si VI epS/2 ) Limit 1345070 

Si VI (2Pi/2) Limit 1350160 
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ENERGY LEVELS OF SILICON 

Si VI 

359 

Z=14 

F I isoelectronic sequence 

Ionization energy 1 655 590 ± 150 em -I (205.27 ± 0.02 e V) 

The analyses by 50derqvist [1934] and Ferner [1941J 
classIfIed some 60 lines in the range 65-103A, most as tran
sitions from 2p4ns and 2p4nd levels to the 2p52po ground
term levels. 50derqvist also measured and classified the 
2i2p5 2po_2s2p 6 2S resonance douhlet at 246 and 249 A. 
Artru and Brillet [1977] remeasured this doublet and also 
the 2p5 2po _2p43s lines in the 91-101 A region. Their o~
servations and analysis of the spectrum from 690 to 1345 A 
gave about 70 lines classified as 2p43s_2p43p and 2p43p_ 
2p 43d transitions~ 

The levels are from Artru and Brillet, except for the 
2sZi'Cp")Ss 2p" term and those 2p4nd and 2p4n8 level::; 
determined only by Ferner's measurements of transitions to. 
the 2p 52po levels (A<100 A). We have reevaluated the" 
levels of this type for which transitions to the 2p 52p;/2 level 
were observed, Eartly to take into account the lowered value 
of this level obtained by Artru and Brillet. Eleven of the 
2p 43d levels are based on the observations below 100 A, all 
such values being given to the nearest 10 cm- l only. Ferner 
gave a total of 24 levels assigned to the 2p44s, 2p44d, and 
2p45d configurations, most of them based on the classifica
tion of a single line as a transition to one of the 2po ground
term levels. We have omitted most of these levels here and 
listed several others as questionable, pending calculations of 
the predicted structures consistent with the ohservations. The 

designations of two of the remaining levels have been 
tentatively changed. 

Since the series data appeared insufficient for the 
determination of an accurate ionization energy, we obtained 
the value given above from an isoelectronic formula of the 
type used by Edlen [1971]. The three parameters in the 
formula were evaluated by fitting the ionization energies 
(derived from series data) for F I, Mg IV, and Al v, the latter 
two values being accurate to about ±10 and ±15 em-I, 
regpectively. The Si VI ioni2:ation energy obtained from this 

~xtrapolation is 800 cm-1 higher than the value Ferner 
derived from his series data. 

The 2p5 2po ground-term interval and the 2s2p6 25112 

level are accurate to within a few em-I. Artru and Brillet 
estimate that the system of 2p43s, 2p43p. 2p43d levels 

determined by them is accurate to ± 10 em -I with respect to 
the ground level and has "an internal consistency of about 
±1 em-I." Most of the levels from. Ferner are probably 
accurate to ± 1 00 em-I. 

Artru and Brillet diagonalized matrices for the even con
figurations 2s2p6 + 2s22p43s + 2s22p43d with configuration 
interaction. They discuss the inlecacliollls of the 282p 6 2S 
term with 2s22p4eD)3d 25 and 2i2p4e5)3s 25; the percentage 
mixtures were smaller than 1% and were not given. The 
leading percentages for the 2p 43d levels are from Artru and 
Brillet's tabulation oLal.Lcilllq)Jments~mate.L than 5% for 
this configuration. These calculations confirmed the ex
tension and revisions of the 2p 43d group, including some 
revisons made earlier on the basis of isoelectronic 
regularities [references given by Artru and Brillet]. Artru and 
Brillet did not list the percentages for the 2p 43s levels, all of 
which were found to have LS-coupling purities greater than 
98%. 

The percentages for the 2p 43p levels are also from a cal
culation hy Artru and Brillet, percentages smaller than 5% 
having been omitted by them. 
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ELCL 

Si VI 

Configuration Term J Level (cm -1) Leading percentages 

2s2 2p5 2po % 0 
% 5090 

2s2p6 2g % 406497 
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Si vI-Continued 

Configuration Term J Level (cm-I) Leading percentages 

2s2 2p4(3p)3s 4p % 990516 
% 993640 
1/2 995470 

2s2 2p4(3p)3s 2p % 1005430 
% 1009118 

2s2 2p4(ID)3s 2D % 1041416 
I- %-- --1-041-472- --

2s2 2p4(3p)3p 4po % 1088813 98 

% 108985-'1 97 

% 1071129 99 

2s2 2p4(3p)3p 4Do % 1078935 100 

% 1080700 91 7 2Do 

% 1082215 96 

1/2 1083003 99 

2s2 2p4(3p)3p 2Do % 1088798 92 7 4Do 

% 10895-'17 71 19 2p0 

2s2 2p4(3p)3p 2po % 52 27 (ID) 2po 
3/

9 1092171 47 26 (3p) 2Do 

2s2 2p4(3p)3p 48° % 1093752 97 

2s2 2p4(IS)3s 2g 1/2 1094449 

2s2 2p4eD)3p 2Fo % 11235-'10 99 

% 112-'1219 100 

2s2 2p4eD)3p 2Do % 113-'1081 99 

% 1134-'198 99 

2s2 2p4eD)3p 2po % 11-'17901 68 32 (3p) 2po 

% 1150282 67 32 

2s2 2p4(3p)3d 4D % 1181167 97 

% 1181649 97 
3.1. 1182311 97 12 

1182891-V2 os 

2s2 2p4(3p)3d 4F % 1189844 100 

'% 1191541 84 15 2F 
"/2 1193223 92 5 ~ 
% 1194327 97 

2s2 2p4(3p)3d 4p % 1194899 99 

% 1195984 97 

% 1197727 61 37 2F 

2s2 2p4(3p)3d 2F % 1194987 84 14 4F 

% 1197 151 51 35 4p 

2s2 2p4(3p)3d 2p % 1200710 87 12 eD) 2p 

% 1204740 68 21 (3p) 2D 
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Si vI-Continued 

Configuration Term J Level (em-I} Leading percentages 

282 2p4(8p)3d 2n st. 1201100 68 22 2p 
52 

1202960 2F :t~ 86 6 

2s2 2p4(lD)3d 2Q % 100 

% 1232671? 100 

2s2 2p4eD)3d 2S % 1239190 95 

-2s~p4(~D)8d- ~F %- -1-241-050 1- -go i} -(Bp)_2p_ 

1/2 1242390 85 12 

2s2 2p4eD)3d 2F % 1242186 83 16 2D 

% 1242649 99 

2s2 2p4eD)3d 2-D % 1243020 77 17 2F 
% 1243860 91 9 (3p) 2n 

2s2 2p4eS)3d 2D % 1291510 98 

% 1291790 98 

2s2 2p4(3p)4s 2p % 1329900 
1/2 

2s2 2p4(ID)4s 2n % 13718201 
~2- I-

282p5 (3po ) 3s 2po % 1375840 
% 1378830 

2s2 2p4(Sp)4d 2p 1/2 1402490 
%? 1403050 

282 2p4(Sp)4d 2D % 
% 1404870? 

282 2p4eD)4d 2D? % 1444340? 
% 1445010? 

2s2 2p4(Sp)5d 2D % 
% 1497630? 

........................................ ........................ ................... ................................. .. 

Si VII (sP2) Limit 1655590 
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Si VII 
Z=14 

o I isoelectronic sequence 

Ground state Is22i2p 4 3p 2 

Ionization energy 1 988 000 cm -I (246.5 e V) 

The 2i2p 4 3p and 2s2p5 3po levels are from Soderqvist Although only a few levels are given here with question 
[1934], whose observations and classifications included the marks, a number of the 2p3ns and 2p3nd, odd levels with 
-basic mUltlplet--of-tram;itrons-b-etwe-en-theseterms-(272;;;.---- -Ii == 4· or-5-should--prob-ably-he- regarded-as tentative;· Most ·of 
278 .A). The probable errors of these levels are of the order these levels are based on a single line classified as a transi-
of a few. cm -1. The 2s22p 4 

1 D2 level is probably accurate to tion to one of the 2p 4 ground-configuration levels, and the 
±1 cm- I

, being derived from the measurement of the 2p4 3P2_2p3n13p; and 2p4 3P2_2p3n13D; leading-line identi-
2:;22p43P2-1D2 fOl-bidden line in the l5olar-cowna I5pectrum ficationl5 ul5ually lack confirmation by cla155ification15 of ad-

by Sandlin et a1. [1977]. The 2s2p5 1 P; level, based on the ditional lines of their multiplets (nl = ~, 4d, 5s, Sd). The 
2s22p4 ID2-2s2p5 Ip; line [Soderqvist, 1934; Ferner, 1941] overall interpretation is of course based on the consistency of 
and the new 2s22p41D2 value. is probably accurate to the higher series members with the limit (quoted above) that 
±15 cm-l. We obtained the 2s22p4 ISO value using the Ferner derived from these 2p3ns and 2psnd series. 
2s22p4 ID2-1S0 separation derived by Edlen [1980] from an .Ferner located the 2s2p4(4p)3s sP2, 2s2p4eD)3s 3D3, and 
isoelectronic treatment (the 2i2p4 ISo-2s2p5 Ip~ line was 2s2p4(4p)4s 3P2 levels by classifying a transition from each of 
observed by Fawcett et a1. [1971] as part of a blend). Edlen's these levels to the 2s2p53p; level. Guennou et al. [1979J 
isoelectronic smoothing of the experimental data was also· observed the spectrum from a laser-generated plasma in the 
used for the 2s2p5 Ip;_2p6 ISo separation (to determine the 70-90.A range and classified a number of additional 
2p6 ISO level), the direct measurement of this separation by 2s2p5 spo _ 2s2p43s lines. The 2s2p4 (4p) 3s 3p and 
Fawcett et a1. [1974] differing from Edlen's value by about 2s2p4 eS) 3s as levels given here were evaluated---arrecny 
the experimental uncertainty of 25 em-I. from their experimental wavelengths and the 2s2p53po 

Ferner extended the observations and analysis of the levels. Ferner's 2s2p4eD)3s 3D3 level was also confirmed by 
spectrum below 100.A. He included 64 Si VII lines in the Guennou et aI., but no additional lines of the corresponding 
range 54-86.A in his 1941 paper, and six additional lines in multiplet were listed. The levels they designated 
the 1948 paper, mostly classified as transitions from 2s22p3ns 2s2p4ep)3s 3P2 and IP1 are omitted here pending more 
and 2s22psnd upper odd levels to levels of the 2s22p 4 ground complete observations. 
configuration. The probable error of the upper levels above The ground-configuration 2s22p 4 levels are very pure in 
1 000000 cm-I varies from about ±50 cm-1 to more thanLS coupling, but the small mixing of the two /=2 states and 
±100 cm-1 for the higher levels. of the two /=0 states is important for calculation of 

We have reevaluated all the levels. The singlet levels forbidden-line transition probabilities. From Garstang's 
given here are higher than Ferner's values by about formulae we obtain a 0.32% mixing of the Si VII 2s22p4 sP2 
430 em-I, whieh is the error in Ferner's value for the eon- and IDz states and, also, 0.32% mixing of the 3po and ISo 

nection between the singlet and triplet systems. A number of states. 
other changes are based on the accurate intersystem con
nection and comparisons with the Al VI 2s22p33d structure, 
which has been calculated [Artru and Kaufman, 1980]. 
Ferner listed no transitions for two levels he designated 
2pSepO)3d 3F;, SF;; we have omitted the SF; level, but the 
level at 1 466 490 em-I, which nQw classifies two lines as 
transitions to 2p43P2 and ID2, is probably the nominal 
2psepO)3d 3D; level. Ferner's level for the latter designation 
has a newly. classified transition to 2p41D2 as its strongest 
line and is here tentatively designated 2p3epO)3d ID;. Thus 
the resulting 2p3epO)3d 3D; and In; levels both make inter
system transitions (confIrming the new singlet-triplet con
nection), consistent with the strong SD;, In; mixtures in the 
eigenvectors of the corresponding two levels in Al VI. The 
levels formerly designated 2psepO)3d ID; and Ip~ have been 
deleted on the basis of the new line classifications. 
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Si VII 

Configuration Term J Level Configuration Term J Level 
(cm-I) (cm-I) 

2s22p4 3p 2 0.0 _ 2s22p3(2po)3d 3Do 1 
1 4030 2 1466490 
0 5565 3 1467390 

2s22p4 ID 2 46569.8 2s2 2p3 (2po) 3d IDO? 2 1470050 

-2s~pL ls- 0- - -99-841- -2s2-2pRep)3d -1Fo- -- -a 14~3(j'lO 

_2s2p 5 3po 2 363170 2s2p4(4p)3s 3p 2 1499470 
1 366786 1 1502880 
0 368761 0 1 G04480 

2s2p 5 Ipo 1 505650 2s2p4(2D) & 3D 3 1590930 

2pG 1S 0 ~49 057 2822p3(2DO)4$ 3Do 3 1 631160 

2s22p3(4so)3s 3so 1 1172470 2s22p3(2DO)4s IDo 2 1 635390 

2s2 2p 3(2DO)& 3Do 1,2,3 1225150 2s22p3(4so)4d 3Do 3 1 643740 

2s2 2p3(2DO)3s IDo 2 - 1235890 2s2p4eS)3s 3S 1 1663240 

2s!2p~~~ 3p~ .0- H-261-530?- ~~=!~~4s- - - 3p~ -2--- -1--669-90C 
1 1261610 
2 1262040 2s22p3(2po)4s _ Ipo 1 1672010 

2s22p3(2po)3s Ipo 1 1272720 2s22p3(2DO)4d 3Do 3,2 1707090 

2s22p3(4so)3d 3Do 1,2 1367360 2s22p3(2DO)4d 3po 2 1711010-
3 1367560 

2s22p3(2DO)4d 3so 1 1712680 
2s22p3eDO)3d 3FO? 2 1426050 

2s22p3(2DO)4d IFo 3 1714180? 
2s22p3(2DO)3d 3Do 1 

3 1428020 2s22p3(2po)4d 3po 2 1 741130 
2 1428090 

2s22p3(2po)4d 3Do 3 1 7# #0 
2s22p3(2DO)3d Ipo 1 t 429 240 

2s22p3(2po)4d IFo 3 1747770 
282 2p3 (2no) ad 3po 2 1435460 

1 1 J,.36 750 2s22p3(4so)5d aDo 3 1769040 
0 

2s22p3(2DO)5d 3Do 3 183J,.120 
2s2 2ps(2no)3d 1n" 2 1436330? 

2s22p3(2DO)5d 3po 2 1836140 
2s2 2p3 (2DO) 3d 3so 1 1#1230 

2s2 2p3 (2po) 5s Ipo 1 1837780 
2s22p3(2DO)3d IFo 3 1447440 

2s2p4(4p)4s 3p 2 1887680 
2s22p3(2po)3d 3po 0 1460290 

1 1460860 .................................... .......................... ................. ....................... 
2 1461860 

Si VITI (4S3/2 ) Limit 1988000 
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Si VIII 

Z=14 

N I isoelectronic sequence 

Ionization energy 2 448 200 cm -1 (303.54 e V) 

Soderqvist's original analysis included classifications of 
. most of the lines of the basic 2i2p3_2s2p4 transition array 
(215-320 .A). Ferner [1941] remeasured the spectrum in the 
215 236 A. region and extended the short-wavelength obser

vations and classifications to include more than forty lines 
between 50 and 76 A. Fawcett [1970] classified the 
2s2p 4 2p_2p 5 2po lines (338-350 A) fIrst locating the 
2p52po levels, and Fawcett et a1. [1971] classified four lines 
observed in the 250 A region as 2s22p3 2po -2s2p 4 2S and 
2s2p4 2D_2p5 2po transitions. The first observational connec
tion of the doublet and quartet systems was the identification 
of a solar coronal line at 1446.A as the 2i2p3 ~;/2_2D;/2 
forbidden transition [Gabriel et aI., 1971]. 

The 2s22p 3 2Do levels given here should be accurate to 
about ±O.S cm-l with respect to ~so ground level, bemg 
derived from averages of the wavelengths of the cor
responding coronal forbidden lines as measured by Sandlin 
et a1. and by Feldman and Doschek. The 2s22p32po levels 
are taken to agree with the 2s22p3 2p;l2-2Di/2 and 2p;l2-2p~/2 
separations obtained by Edlen [1982] from an isoelectronic 
treatment; the 2po term position and interval are probably ac
curate to about ±10 and ±5 cm-I, respectively. 

We have reevaluated the levels of all the excited configu
rations using the various observations referenced above and 
the redetermined ground-configuration levels. Some of the 
better determined 2S2p4levels are probably accurate to ±10 
to ±20 em-I, whereas the errors of some of the higher levels 
probably exceed 100 cm-I

• 

The relatively small negative interval for the 2s2p 4 2D 
term (-30 cm-I) is consistent with the isoelectronic data. The 
experimental values of the 2s2p42D intervals in NaV, Mg VI, 
Al VII, and P IX are -36, -42, -50, and +45 cm-I

, 

respectively. The Dirac-Fock calculations of Cheng et al. 
predict a transition from small negative values of these inter
vals in Na V through Si VIII (with a minimum of -22 cm-l in 
AI VII) to positive values in P IX and heavier ions. 

Ferner gave the levels of 2s22p23s complete except for 
the 2p2eS)3s 2S1I2 level. The 2p23s 2S_ 2D term separations in 
lower members of the N I isoelectronic sequence are very 
close to the corresponding 2p2 IS_I D separations of the 
parent terms in the C I sequence. Either an isoelectronic ex
trapolation from AI VII to Si VIII or direct assumption of the 
Si IX IS_I D separation yields a value of about 55 000 cm-I 

for the Si VIII 2p23s 2S_ 2D separation. The predicted position 
of the 2p23s 2S level is thus near 1 542 000 cm -1; the two 
2p3 2po -2p23s 2S lines would fall within a group of observed 

J. Phys.Chem. Ref. Data, Vol. 12, No.2, 1983 

Si lines near 69.6 A, including the line at 69.632.A clas
sified by Ferner as Si VIII 2p3 ~;/2-2p23s 4pS/2 and nearby 
lines assigned to Si VII. It appears quite possible that the 
2p 3 2po -2p23.s 28 doublet contribute5 to the inten5itie5 of a 

pair of these lines. The value of 1 565 270 cm -1 suggested 
for the 2p23s 2S level by Kastner et al. on the basis of a pair 
of Ferner's unclassified lines near 68.5 A is 23000 cm-I 

above the position estimated here. 
The accurately known doublet-quartet connection allows 

the apparent classification of eight lines in Ferner's [1941] 
Si list as Si VIII intersystem transitions (from upper even 
levels to 2s22p3 ground-configuration levels). We have used 
some of these new classifications in evaluating the upper 
levels, but four of the lines have alternative assignments t(' 
other 81 spectra-DY Ferner. F'erner classihed---aIme as 
2s22p3 4S;/2_2s22p23d 4D1I2, but did not include the 4D1I2 
level in his term list. This level (1 634640 em-I) also 
combines with 2s22p3 2D3/2 and is given here with the J value 
tentative. Ferner's other level for the 2s22p23d 4D term (J~ 
% or %) is given here as questionable. 

Correction of the intersystem connection has raised the 
level Ferner designated 2s22p2eD)3d 2P3/2 to a value 
(1 698 150 cm-I

) near his 2s2p3(5S0)3p 4p term (1698230 
em-I). We have used question marks to indicate that a single 
level could account for the lines involved and that the term 
designation(s) is (are) uncertain. 

Most of the 2s22p24s and 4d levels appear questionahle. 
being derived from single weak lines or lines also assigned to 
other ionization stages. We have added a tentative J = % 
level at 1 989 900 cm -1. Because the series identifications 
appear uncertain, we give a value for the ionization energy 
predicted by Edlen's [1971] formula for this isoelectronic 
sequence. Ferner's value for the ionization energy was 
2451 570 cm- I

• 

The data for the spectra of the N I sequence above F III 

are much less complete than for the fIrst three sequence 
members. New and more complete observ.ations of the 
spectra and calculations of the important configurations are 
needed for the higher spectra. 
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Si VIII 
- - ------ ---- - -- --_."._'.'- ---0" - -

Configuration Term J Level Configuration Term J Level 
(cm-I) (cm-I) 

282 2i~ 48° % 0.0 2s22p2(3p)3d 2F % 1634040 
% 1638490 

2s22p3 2n° % 69168.1 
% -69420.5 2s22p2(3p)3d 4p % 1637470 

% 1638830 
2s22p3 2po 1/2 105348 % 1639640 

% 105890 
2s22p2(3p)3d 2D % 1659320 

2s2p4 4p % 312670 % 1660490 
% 316250 
I~ 318140 ~?s2~2p2(~D)3q _ 2F 7;. If?84 5_~Q_ -- - -~ -

%. 1684810 
2s2p4 2D % 430360 

% 430390 2s22p2eD)3d 2D % 1685950 
%. 1687560 

2s2p4 2g % 504630 
2822p2eD)3d? 2p? % 1696590 

2s2p4 2p 8/
2 580480 % 1 698150 

"% 532800 
2s2p3 (5so) 3p 4p 1/2-% 1698230. 

2p 5 2po % 820200 
% 825980 2s22p2(lD)3d 28 % 1703690. 

? 

? 

2s2 2p2(3p)3s 4p 1;. 1430510 2s2p3(5So )3d 4n° 1/2-% 1801730 
3

2 
Y2 1432870 
% 1436120 2s2 2p2(8p)4s 2p % 1929190? 

2s22p2(3p)3s 2p 1/2 1449990 % 1989900? 
-% 1453900 

2s22p2(8p)4d ~ % 1998960? 
2s22p2en)3s 2n % 1486710 7/2 2002980? 

% 1488150 
2s22p2(3p)4d 4p %? 1999240 

2s22p2(3p)3d 2p % 1624990 % 2000520? 

% % 
2s2p8 (5so) as 48° % 1628660 2s2 2p2(3p)4d 2n % 2008700? 

2s2 2p2(3p)3d 4n "l2 
% 

2s22p2en)4d 2n % 2048680? 

%? 1633370? .................................... ........................... .................. ....................... 
%? 1634640 

Si IX (sPo) Limit 2448200 
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Si IX 

Z=14 

C I isoelectronic sequence 

Ground state li2i2p2 3p 0 

Ionization energy 2 832 000. ± 1000 cm-1 (351.13 ± 0.12 eV) 

TheJelatiye_ values_~Lth.tL2.i:2p~.~Pl,_~f2,_1L1l~2_1ey~b. 
are based on observed . wavelengths of the solar-coronal 
forbidden lines 3PI-1D2 [Sandlin et al.] and 3P2-ID2 [Sandlin 
et al., Feldman and Doschek]. The sPC1D2 and 3P2_

1D2 sepa~ 
rations are probably accurate to ±0.5 and ±1 cm-I, 
respectively. The 3PI, 3P2, and ID2 levels are probably ac
curate to about ±7 cm-1 with respect to the 3PO ground level, 
the adopted 3p 0-Sp 1 difference being from an isoelectronic 
treatment of the data by Edlen [1982a]. The 3PO_3PI dif
ference given by Grasdalen and loyce's observation of the 
corresponding forbidden line in a nova spectrum, 
2550±13 em-I, agrees with Edlen's value to within the 
error. We have also adopted Edlen's value for the 2i2p2 IS 
level, which is expected to be more accurate than a value 
hlu:u~rl on the oh!';erverl tran~ition!'; to thj~ level from the 

'-2s2~nd-higher-levels~ --
The main lines of the 2i2p2 _2s2p 3 and 2s2p3 _2p4 tran

sition arrays have been observed. We obtained the 2s2p3 3Do, 
3So, IDo, and 2p4 sp and ID levels using mainly the labora
tory observations by Fawcett [1970., 1971, 1975] and the 
solar-spectrum measurements by Behring et a1. Most of these 
levels are probably accurate to within ± 15 cm -I. Similar 
determinations of the 2s2p33pc, Ipo, and 2p4 IS levels from 
the available Si "IX measurements would probably yield less 
accurate values; the values of these levels are from Edh~n's 

[1982b] isoelectronic method. 
Edlen [1982b] also estimated the 2s2p3Sso position 

given here. This value as well as the levels of the twQ sp 
terms· are followed by "+ x" to indicate the lack of any ob
served transitions connecting the quintet system with the 
triplet and singlet systems. 

Ferner's analysis of the short-wavelength spectrum (44-
65.A) gave upper levels from configurations of the types 

"_.2i2fl3l and __ 2s~p~3.l,u .a_n4" ... <'>~.~ 2s
2
2p4d ~erl!!·u.":W~m.have 

reevaluated these levels using his wavelengths and the lower 
levels given here. The values are rounded to the nearest 
10 em-I; the error for some of these high levels might exceed 
20.0. cm -1. Most of these levels classify only one line~ the anal
ysis being based on isoelectronic regularities. Pending more 
complete observations and supporting calculations, we have 
indicated some levels as tentative, especially those derived 
from single weak lines or from single lines with anomalous 
intensities relative to other lines of a proposed multiplet, etc. 
Ferner's 2s22p3d 3F; level is omitted. 

Edlen's [1971] extrapolation formulae for this isoelec
tronic sequence yield a value of 2831 470. cm-1 for the Si IX 
ionization energy. Using a semi-empirical formula for 
corrections to theoretical values of the ionization energies 
uong~the."sequence,-w.(W)btained-8.-value-0L2.832.JjfiO.....cm.~ 
for Si IX. The value given above is adopted as the average of 
these results. 
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Si IX 

Configuration Term J Level Configuration Term J Level 
(em-t) (em- 1

) 

2s2 2p2 3p 0 0 2s2p3 3Do 3 292232 
1 2545.0 2 292296 
2 6414 1 292.1,41 

2092 2p2 ID 2 52925.9 2092p3 3po 1 9## 009 
0 344075 

2s22p2 IS 0 107799 2 344 118 

2s2p3 uso 2 150 770+x 2s2p3 3so 1 446942 
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Si Ix-Continued 

Configuration Term J Lev~l Configuration Term J Level 
(em-l) (em-I) 

2p4 sp 2 674764 2s2p2(4p)3p sso 1 18585.t,.0? 
1 679300 
0 681079 2s2p2(4p)3p sn° 1 

2 1896130 
2p4 ID 2 719502 3 1898990 

2p4 IS 0 819689 . ~2(2D)3s Su - 1,2,3_ L911~ 
-

2s2p3 In° 2 .t,.40403 2s2p2(4p)3d 5p 3 1972030+x? 
2 1973260+x? 

2s2p 3 Ipo 1 .t,.92755 1 1974220+x? 

2s22p3s spo 0 2s2p 2(4p)3d sp 2 1973980? 
1 1623380 
2 1628500 2s2p2(4p)3d 3F 2 1985150? 

3 1987100? 
2s22p3s lpo 1 16.t,.0850 4 1989850? 

2s2p2(~p)~ 5p 1 1785020+x 2s2p2(2D)3p IFv 3 1999890 
2 1787190+x 
3 1790410+x 2s2p2(2D)3p· In° 2 ·2009370 

2s22p3d In° 2 1 794050? 2s2p2(4p)3il 3D 2~ 20116901 
- -'I-

2s22p3d 3Do 1 1808160 2s2p 2(2D)3d 3F 2,3,4 2085020 
2 1 801) O~O 
3 1811430 2s2p 2(2D)3d 3D 1,2,3 2093700 

2s22p3d 3po 2 1815650 2s2p2(2p) 3d 3F 2,3,4 2190870? 
1 1816900 
0 1817630 2s22p4d 3Do 1 

2 2264220? 
2s22p3d IFo 3 1837780 3 2 2GG /iliO? 

2s22p3d Ipo 1 1838560 .................................. .......................... ................... ....................... 

Si x (2Pil2) Limit 2832000 
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Si X 

Z=14 

B I isoelectronic sequence 

Ground state li2i2p 2p~/2 

Ionization energy 3237 300 ± 450 cm-l (401.38 ± 0.06 eV) 

Ferner's analysis [1941, 1948] was based on the classifi
cation of 29 lines in the 47-57 AregIon as transitions-from 
2i3l, 2s2p3l, and 2p23l upper levels to corresponding 2i2p, 
'b2p2, and 2p3 lower levels. Fawcett [1970] and Fawcett et 
a1. [1971] observed the lines of the 'b22p_'b2p2 and 
'b2p2 _2p3 arrays (253-551 A) and correctly located the 
2p32Do and 2po levels [Fawcett, 1975]. The lines of the 
'b22p_2s2p2 resonance array (253-356 A) were also" 
meiUiured ill the 501al" 5pectrwll by Behring et a1. [1976]. 

Hoory et al. [1971] extended the short-wavelength measure
inents and classifications (34-57 A) and observed and clas
sified sevel"Al of the Jines "in the 253-292 A region. 

We evaluated the levels here by combining data from 
several sources. The 'b22p 2po interval is from a measure
ment of the 2p~/2_2p;/2 infrared coronal line by MUnch et 
al., with an uncertainty: of +2 cnf~ __ The 'b2E2 and"~J!:J~vels 
all agree within ± 10 em -1 with values derived by Edlen 
[198.1] from his treatment of the data for this isoelectronic 
sequence. The uncertainties of the 2s2p2 and 2p3 doublet 
levels are about ±15 to ±30cm-l, all level values being 
rounded to the nearest 10 em-I. The quartet levels are given 
with an unknown correction "" + x" relative to the ground 
level, since no lines connecting the doublet and quartet 
systems have been classified. The assumed quartet-doublet 
connection (for x=O) is from Edlen's estimate of the 
2i2p 2p;/2_2s2p2 4p 5/2 separation, based on the available 
isoelectronic data. 

Six 

Configuration Term J Level 
(cm-I) 

2s2 2p 2po 1/2 0.0 
% 6990.6 

2s2p2 4p % 161010+x 
% 163490+x 
% 167060+x 

2s2p2 2n % 287850 
% 287880 

2s2p2 28 1/2 367670 

2s2p2 2p % 390040 
% 394030 

J. Phys. Chem. Ref. Data, Vol. 12, No.2, 1983 

\fost of the levels assigned by Ferner or by Hoory et al. 
to configurations of the types 'Ii2iil"and~2pnl\~3r-are 
derived from single lines classified on the basis of series 
andlor isoelectronic regularities. Because of the complexity 
of the observed spectra in the short-wavelength region 
( ,..., 50 A and below), such classifications of a number of the 
lines assigned to Si X are doubtful. We have indicated some 
levels as questionable and have omitted a number of others, 
mainly from tenm; lying above about 2 200 000 em-I. 

Ferner obtained a value of 3 237 400 em -1 for the ioniza
tion energy by extrapolation using an isoelectronic expression 
involving the absolute term value of the 2i2p 2P:J2 level. 
The ionization energy obtained by Hoory et al. from the 
2s2nd 2D series (n = 3-6), quoted above, is in agreement with 
Ferner's value and thus with the isoelectronic data. 
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Configuration Term J Level 
(cm-I) 

2p3 480 % 509330+x 

2p3 2n° % 575430 
% 575450 

2p3 2po Y2 646760 
% 647390 

2s23d 2n % 1979260? 
% 1979730 

2s2p (3po ) as 4po 1/2 1992830+x 
% 1995140+x 
% 1999580+x 
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Si x-Continued 

Configuration Term J Level Configuration Term J Level 
(em-I) (em-I) 

2s2p(3po )3s 2po % 2091060? 2s2p(3po)3d 2Fo % 2188590 
% 2035860? 7/2 2193190 

2s2p(3po )3p 2p I/. 2064590 2s2p(3po)3d 2po % 2199210? 
32 
:.'2 2066750 %. 2201 'l90? 

2s2p(3po )3p --21) - -37; 2105750? 282p( Ipo )8p -28? % 2246300 
% 2110260 

2s2pepO)3d 2Fo %,7/2 2299900? 
2s2p(3po)3p 28 1/2 2132600 

2s2pepO)3d 2n° % 2310 530? 
2s2p(3po)3d 4n° %,% 21509OO+x % 2311900? 

% 2151960+x 
2p 2(3p)3d 7/2 215f18f10+x 4p % 2444460+x? 

% 2446000+x? 
2s2pepO)3d 2n° % 2153 '100 % 

% 2154480 
a,2 4d 2n %,% 2585310 

282pepO)3s 2po % 
% 2158990 2s2 5d 2n % 2790020 

2s2p(3po)3d 4po? % 
I 

2160920+x 2s2 6d 2n % 2927720? 
- -312 -

TI621oo+x 
- -

1/2 ................................... ........................... ................. ............................. 

Si XI eSo) Limit 3237300 
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Si XI 

Z=14 

Be I isoelectronic sequence 

Ground state li2i ISO 

Ionization energy 3 842 100 cm-I (1.76.36 eV) 

Ferner classified 12 lines (43-50 Afin the 1941 paper 
and extended his analysis somewhat in 1948. Tondello 
observed and classified additional lines [see also Fawcett et 
a!.], and Hoory et a1. extended most of the _ series using more 
complete measurements in the region 30-52 A. Fawcett's ob
servations and classifications of lines at longer wavelengths 
included the important 2s2p-2p2 array (358-604 A) [1970] 
and the 2s3d 3D-2s4f 3Fo line at 147.6 A [1971J. 

The 2s2p 3p~ level should be accurate to about 
± 10 em -1, being derived from the 2s2 ISo-2s2p 3p~ inter
combination line measured in solar-flare spectra rwidingl. 
The separations between this level and the 2s2p 3p~, 
2s2p 3p;, and also the 2p23p levels are taken from Edlen 
[1980], who combined the Si XI measurements with 

JeqUi.rements of isoelectronic regIDruity-,--W!Lg!ve Edlen's 
values for the 2s2p Ipo and 2p2 ID and IS levels. The r.m.s. 
difference between Fawcett's wavenumbers fOF the eight 
2s2p-2p 2 lines and Edlen's values is 14 em-I. The value for 

the 2s2p I po level agrees exactly with one of the measure
ments of the 2s2 IS-2s2p I po resonance line in the solar 
spectrum [Behring et a1.]. 

We have redetermined the 2snl and 2pnl (n>3) levels by 
combining the 2s2p and 2p2 levels with the short-wavelength 
measurements, mainly from Ferner and from Hoory et a1. 
The weak line -listed by Ferner for the 2s2p 3p~-2s3d 3D1 

transition yields a 2s3d 3D2- 3DI separation inconsistent with 
the isoelectronic data. We evaluated the 2s3d 3D2 and 3D3 
levels by taking the 3p~-3DI.2 and 3p;-3D2•3 lines as 
(statistical-intensity) blends, assuming an isoelectronically 
estimated 3DI position. The 2s3d 3D baricenter was then 
combined with Fawcett's measurement of the 2s3d 3D_ 
2s4f 3Fo blend to obtain the 2s4f 3Fo position. The relative 
intensities of the three lines observed by Trabert et a!. 
[1979b] near 147.5 A are reversed from those expected for 
the 2s3d 3Dl.2,3-2s4f3Fo multiplet; Trabert [1982] suggests 
that higher resolution may be required for the interpretation 
of the Si beam-foil spectrum in this region. 

The estimated uncertainty of the wavelength measure
ments by Hoory et al. (±0.003 A) corresponds to about 
±300 cm-I for the higher series members. The 2s6d 3D term 
of Hoory et al. has been omitted as an apparent misidentifica
tion, and a few other levels based on single weak lines 
and I or inconsistent classifications have also been omitted. 
Isoelectronic regularities were used in deciding whether to 
retain certain levels. Several levels are given here as 
tentative. 

I Dh". ~hAm RAf nAtA Vnt 1:J. Nn. 2. 1983 

We derived a value of3~ 842 600 em ~I for ·ilie IOnization 
energy by fitting Ritz formulae to the 2sOO 3D3, 2sOO ID2' and 
2pOO IF; series (n=3, 4, 5), the latter series approaching the 
Si XII 2p 2p;/2limit. The value obtained from EdIc~n's [1971] 
ionization-energy formula for the isoelectronic sequence, 
3 842 140 cm -1, is however well within the range of values 
consistent with the series data. The latter value (rounded to 
the nearest -100 cm-I

) is adopted. here, since it is near the 
average of the above value from the series and a lower value 
we obtained from semi-empirical formulae for corrections to 
theoretical values along the sequence. 

Glass gives confIguration-interaction eigenvectors for the 
2s2, 2s2p, and 2p2 terms. The configurational purities of 
these terms are high except for a 5.9% mixing of the 2s2 IS 
~!l(L2p~ IS te~~~_ ~jg~!l~~~9rs ha.!~_._t!~~~. b~~~_.calculated for 
the 2s3p terms [Odabasi]. The 2s3p Ipo eigenvector includes 
10.0% 2p3s Ipo and 0.97% 2p3d lpo contributions. The 
former interaction presumahly accounts for most of the 

depression of the 2s3p Ipo level to a position some 
3900 em -1 below the calculated 2s3p 3po term; the largest per
centages from other configurations in the 2s3p 3po eigen
vector are only 0.77% 2p3s 3po and 1.3% 2p3d 3po 
[Odabasi]. The 2s3p 3po term is the lowest term missing from 
the analysis. 

Transitions of the type IS22sM2pN _ls2sM2pN+l (M + 
N =2) in Be-like ions have been identified as contributing 
to satellite features near the Ii -1$2p resonance lines of the -
corresponding He-like ions in the spectra of a number of ele
ments [see, -e.g., Boiko et al.]. The levels from K-shell excita
tions given here (1~2s22p, 1s2s2p2, and Is2p3 configurations). 
were derived by combining the calculated wavelengths of 
such lines near 6.8 A [Boiko et al.] with experimental values 
of the lower levels and rounding to the nearest 100 em-I. 
The theoretical wavelengths of several features of this type 
in, for example, Mg IX were confirmed by the measurements 
of Boiko et al. to within an experimental uncertainty of 
±0.002 A, which would correspond to ±4000 to 
± 5000 cm -1 for the equivalent Si XI features. Safronova and 
Lisina give a complete list of calculated wavelengths and 
other quantities for the transition arrays -of the above type; 
only a selection from those upper levels likely to contribute 
to stronger features is included here. In an analysis of the 
spectra of foil-excited silicon beams, Trabert et al. [1979a] 
assigned three features near 6.8 A to Si XI transitions of the 
above type, the measured wavelengths being consistent with 
the calculated values from Boiko et a1. 
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Configuration Term J Level 
(cm-I) 

2p3d 3Do 1 
2 2547100 
;-} 2549470 

2p3d apo 2 2556770 
1 2558230 

- ~ ~ J1 

2p3d IFo 3 2582930 

2s4p Ipo 1 2983740? 

2s4d 3D 1,2 2998380 
3 2998510 

2s4d In 2 3007770 

2s4f 3Fo 2,3,4 .3009720 

2p4p 3D 3 3 180 500? 

2p4p 3p 2 3187370? 

2p4d IDo 2 3193530? 

2p4p ID 2 3194190? 

2p4d anD 2 !J gO!ll!JO 

2p4d 3po 2 3204950? 

2p4d IFo 3 3214660 

2s5d 3D 2,3 3304400 

2s5d ID 2 3308260 

2p5d IFo 3 3511520? 

.................................. ........................... .................. . ........................ 

I 
Si XII eS1I2 ) Limit 3842100 

2 ;p3p ID 2 2532420 ; 

J. Phys. Chem. Ref. Data, Vol. 12, No.2, 1983 



372 w. C. MARTIN AND R. ZALUBAS 

Si xI-Continued 

Configuration Term J Level Configuration Term J Level 
(cm-l) (cm-l) 

8i XII (2Pil2) Limit 4034160 ls(28 )2s2p2(2n) In 2 [14990300] 

8i XII (2P3/2) Limit 4042340 ls(28)2s2p2(2P) 3p 2 [14999200] 

ls2s2 2p Ipe 1 [14748800] Is (28) 2s2p 2( 2p) Ip 1 [15062000] 

-is (2SY2S2jj2(2nT- -3n- -3- TI48'7rrOllT --182p3- -IDe- 2- --T15176300] 
2 [14877400] 
1 [14878 100] Is2p 3 ape 2 [15189100] 

_ ls(2S)2s~p2r'p) 3p 0 L14 ~79 5UUj ls2p 3 lp" 1 [15261900] 
1 [14882800] 
2 [14887 500] 

J. Phvs. Chern. Ref. Data. Vol. 12. No. 2.1983 
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Si XII 

Z=14 

Li I isoelectronic sequence 

Ground state li2s 2S1I2 

Ionization energy 4221 670 ± 300 cm-I (523.425 ±0.04 eV) 

The li2s-li2p resonance lines have been measured in 
bOThlaooratory and astropliyslCal spectra. rlie2~~ levels 
here are from solar-spectrum· observations by Behring et al. 
and should be accurate to about ± 5 cm -1. We have deter
mined the other levels using mainly the short-wavelength ob
servations (25-46 A) by Feldman et a1. and the measure
ments of the 3l-4l' lines by Fawcett and Ridgeley. The 3s, 
3p, and 3d levels are probably accurate to about ±300 em-I, 
but the probable errors of the· 3p 2p " and 3d 2D fine
structure intervals are less than 100 cm-I (see below). 

The 3d 2D term position is from Ferner's [1941] wave
lengths for the 2p-3d lines, the 2p 2p;/2-3d 2Ds/2,3/2 line 
being treated as a blend with statistical intensities. The 
3d 2D fine-structure interval of 860 em -1 given by these mea
surements has, however, been decreased to 690 cm-I to agree 
with observations of the two 3d-4 lines near 130 A and an 
adopted theoretical (hydrogenic) value of 160 cm-I for the 
4f 2Fo interval. The wavenumbers of the 3d 2D3/2-4f 2F;/2 
and 3d 2Ds/2-o/ 2

F;/2,s/2 lines measured by Fawcett and 
Ridgeley are probably accurate to about ±60 em-I; the 
adjusted 3d 2D interval should have a comparable accuracy, 
and the error of the 4f 2Fo levels relative to the ground level 
is probably not significantly greater than that of the 3d 2D 
levels (-±300 em-I). 

The 4p 2po and 4d 2D levels should also be accurate to 
about ± 300 cm -1, being derived from the 3s-4p and 3p-4d 
lines meas1lfed by Fawcett and Ridgeley to about ±70 em-I. 
The agreement of the 4d 2D fine-structure interval with the 
value expected from the approximate (n+) 3 dependence of this 
quantity confirms the 3p 2po interval to about ± 50 cm -1. The 
4p 2po interval is larger than the expected value by about Faw
cett and Ridgeley's uncertainty. 

The 11,=3 levels and the 4f2Fo levels are rounded to the 
nearest 10 em-I, and the other 11,>4 levels are rounded to the 
nearest 50 cm -1. The 3d and 4/ levels are given in brackets 
to indicate adjusted or assumed fine-structure intervals. The 
other linl levels given in brackets are based on series or 
other regularities, as explained below. 

The nd 2U (11, = 3-7) and ns 2S (11, = 2, 3, 5) terms exhibit 
regUlar series behavior to well within the experimental 
errors; we derived the values 4 222 000 cm -1 and 
4221800 cm-I, respectively, for the Si XIII Ii ISO limit 
from these two series. The limit value derived by assumption 
of an almost hydrogenic position for the 4f2Fo term should 
be more accurate. the largest expected error then deriving 
from the error of the 3d 2D term. If the experimental 4f 2Fo 
term is taken to lie at the Dirac-Sommerfeld position cor
rected to include a small polarization energy [Edlen, 1979], 

we obtain the limit value 4 221 590 cm -1. We have adopted 
the value 4 22T070:E3DUCm1 as a welghteil average oftne 
limit detenninations. This value agrees with the value 
4221 723 cm-I obtained by Edlen from an isoelectronic 
formula and also, to within the probable errors, with the 
value 4221460 cm-1 derived by Ferner by extrapolation of 
the isoelectronic data for 3d 2D available in 1948. 

The wavelength of the 2s 2S_5p 2po line measured by 
Feldman et a!. (27.909 A..) is 0.010 A.. longer than the value 
predicted by the other members of the np 2po series (11, = 2-
7). We obtained values of the 5p, 6p, and7p 2po levels given 
here from series formulae derived by fitting the lower 
members. 

The 4s 2S and ad, 9d 2D terms were also obtained from 
formulae we derived for these series. Feldman et al. did not 
observe the 2 -4s line, but the 2p-ad and 2p-9d lines 
( --26 ) were observed by Tondello with uncertainties of 
±0.03 A. The corresponding wavelengths calculated from 
the levels given here should have errors less than 0.01 A. 

Tondello also observed the 3d-5f line near 89 A. The 
5f2Fo position given here was obtained from our value for 
the limit and a 5f term defect derived as described above for 
4f. The higher nf terms and all the nl terms having l>4 can 
be taken at the Dirac-Sommerfeld positions, the resulting 
levels then having the same error as the limit (±300 cm-I

). 

Trabert et al. [1979b] included transitions from Si XII 4f, 5g, 
6k, and 7 i terms in their classifications of lines observed by 
foil excitation. 

The ~2t''' tine-structure interval given here is a 
(hydrogeqic) theoretical value, and the ionization limit is 
partly based on the assumption of a near-hydrogenic absolute 
energy for the 4f 2Fo term. The 5f 2Fo ~erm was derived from 
the same assumption. With these exceptions all levels have 
been obtained from the Si XII data or from series formulae 
derived from those data. The entire spectrum arising from 
levels below the limit is thus predictable. Edlen has given 
formulae for predicting the Li I-like spectra based on isoelec
tronic regularities and extrapolations. The levels from his for
mulae and the corresponding values here agree to well within 
the expected uncertainties. 

The terms of the lowest configurations having K-shell ex
citation, Is2i, Is2s2p, and Is2p2, are included in the table. 
Spectral features due to such configurations have been ob
served near or blended with the Si XIII Ii ISo-ls2p Ipo, 
3po resonance lines in the 6_7 A region_ Transitions from the 
Is2s2p and ·ls2p2 doublet terms (to li2s 25 and li2p 2po, 
respectively) are among the strongest contributors to such 
features in the spectra of laser-produced plasmas [see, e.g., 

J. Phys. Chem. Ref. Data, Vol. 12, No.2, 1983 
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Aglitskii et aI., 1974, and Boiko, et aI., 1978a]. Since the ex
perimental. wavelengths obtained for such features usually 
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The energies of levels of some still higher excited-core 
configuJ:at.ion:5, :5uch a:5 ll1U::se uf lhe lype 152131' fuI' example, 

have also been calculated, and features classified as arising 
from such levels have been observed as satellites of the 
Si XIII li-ls2p and 1.~2_1.~3p rp.Ronan~p. lim';!'> [Roiko et 

aI., 1978b, and references therein; a more complete li~t of 
calculated wavelengths is· given by Vainshtein and Safronova, 
1980]. Trabert et a1. [1979a] included transitions fr9m 
K-excitation configurations in their classifications· of a 
number of features observed in foil-excited Si spectra. 
Trabert and Fawcett [1979] and Wakid et a1. [1980] give cal
culated wavelengths or energy separations involving configu
rations of the type Is2lnl' (up to nl' = 5p) and discuss pos
sible classifications of some .of the features observed by 
Trabert et a1. 

SiXII 

Configuration Term, J Level 
(cm-I) 

1S22s 2S % 0 

ls22p 2po % 192062 
% 200238 

ls23s 28 % 2388870 

ls23p 2po % 21,,1,,191,,0 
% 21,,1,,1,,330 

ls23d zn .3/2 [2463790] 
% [2464480] 

ls248 2S % [3202100] 

ls24p 2po % 3223450 
% 3221" 550 

1S24d 2n % 3232700 
% 3233000 

1S24f 2Fo % [3233670] 
% [3233830] 

Ferner, E. [1941], Ark. Mat., Astron. Fys. 28A, 1-21. CL 
Ferner, E. [1948], Ark. Mat., Astion.Fys. 36A, 1-65. EL CL IP 
Tondello, G. [1969], J. Phys.B 2, 727-729. CL 
Triibert, E., Armour, I. A., Bashkin, S., Jelley, N. A., O'Brien, R., and 

Silver, J. D. [1979a], J. Phys. B 12, 1665-1676. CL 
Triibert, E., and Fawcett, B. C. [1979], J. Phys. B 12, IMI-IM7. CL AT 
Triibert, E., Heckmann, P. H., and v. Buttlar, H. [1979b], Z. Phys. A 290, 

7-12.CL 
Vainshtein, L. A., and Safronova, U. I. [1975], Preprint No.6, Inst. 

Spectrosc., Acad. Sci. USSR, Moscow. AT 
Vainshtein, L. A., and Safronova, U. I. [1978], At. Data Nucl. Data Tables 

21, 49-68. AT 
Vainshtein, L. A., and Safronova, U. I. [1980], At. Data Nucl. Data Tables 

25, 311-385. AT 
Wakid, S., Bhatia, A. K., and Temkin, A. [1980], Phys. Rev. A 22, 1395-

1402. CL AT ----- -

Configuration Term J Level 
(cm-I) 

1S25p 2po % [3581" 150] 
% [3584650] 

ls25d 2n % 3588900 
% 3589050 

b 25f 2Fo %,% [358/)450] 

ls26p 2po % [3779500] 
% [3779800] 

ls26d 2n %,% 3782700 

ls27p 2po % [3897150] 
% [3897350] 

1S27d 2n %,% 3899150 

1s28d 2n %,% [3974800] 

1S29d 2n %,% [4026700] 

................. ~ ................ ............................ .................. ..................... 

ls25s 2S % 3573450 Si XIII eSo) Limit 4221670 

J. Phys. Chern. Ref. Data, VoI.1~, No.2, 1983 
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Si XII-Continued 

Configuration Term J I Level Configuration Term J Level 
(cm-I) (cm-I) 

Is2s2 28 % [14682800] 1s( 28) 2s2pepO) 2po % [14950000] 

Is(28)2s2p(3pO) 4po % [14952100] 
% [14 732300] 
% [14 734400] Is2p2 2n % [15032700] 
% [14 739900] % [15033800] 

-l se8)2s2p(~P~)- _2p~ ~/2 -[-14-880-900]- -ls2p~ 2p_ - ~2 -[-1-5-o57-200j 
% [14885300] % [15065000] 

Is2p2 4p 1/2 [14936800] Is2p2 2g % [15167600] 
% [11910100] 

% [14944500] 8i xm Is2s(381) Limit [19057600) 

J. Phys. Chem. Ref. Data, Vol. 12, No.2, 1983 
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Si XIII 

Z=14 

He I isoelectronic sequence 

Ground state ll lso 

Ionization energy 19660800 ± 800 cm-l (2437.65 ± 0.10 eV) 

__ !!t_e ___ ~~~~!!~~~E-~~~g!!t£;!cii_ et al. of the ll ls0-

ls2p 3p; and ll l So-lsnp lp; (n=2-5) lines in the 5-7 A 
region, which are probably the most accurate available 
measurements of these resonance wavelengths, have uncer
tainties corresponding to about ± 3500 cm -1 for the ll-
1s2p energy separations. The estimated uncertainty of the cal
culated levels given here is much smaller, the uncertainty of 
±800 cm-I given above for the ionization energy being also 
the approximate uncertainty of all the excited levels with 
respect to the ground level. Except as noted below, the lsns 
and lsnp levels for n = 2-5 have been obtained by combining 
the term valueg (hinding energieg) calculated hy Ermolaev 

and Jones with Safronova's calculated value for the Si XIV 

Is 2S1/2. limit, quoted above. (The limit is rounded to the 
nearest 10 cm-I, as are several energy differences quoted in 

-this..-paragrap.h.)-The-lleed JOL...CertaiaJIigher-order contribu
tions to the Lamb shift of the Ii ISO term included in 
Safronova's calculation has been confirmed for S XV by 
recent measurements of the ll Iso-1s2p Ip; and ll Iso-
1s2p 3p; resonance-line wavelengths [Schleinkofer et aI., 
1982]. The differences between the experimental wavenum
bers of these S xv lines and the corresponding wavenumbers 
obtained by combining Safronova's S XVI Is 2S1I2 limit value 
with the ls2p terms of Ermolaev and Jones, as above, are 

+450(±730) cm-1 for the Ip; transition and -680 
(±890) cm-1 for the 3p; transition, the experimental uncer
tainties of Schleinkofer et al. being quoted in parentheses. 
We have taken this agreement of the calculated and observed 
values as experimental confirmation of the calculated 
energies to within an uncertainty of about ±1000 cm-1 for 
S XV, the equivalent fractional uncertainty for Si XIII being 
about ±750 cm-I

• Ermolaev and Jone5' calculated h 2S1/2 

limit is 744 em-I higher than Safronova's value, but a com
parison of the wavelengths for several Si XIII Ii -lsnl transi
tions (n=2. 3) predicted by Ermolaev's 1977 calculations 
with corresponding values obtained from the levels here 
indicates that Ermolaev's revised (unpublished) limit value 
probably agrees with Safronova's value to within about 
200 em-I. 

The best measurements of the resonance lines of Mg XI 

and Al XII are also more accurate than those for Si XIII [see 
Martin, 1981, for references], with fractional uncertainties 
which would correspond to about ±1500 cm-I for Si XIII. 

The resonance-line wavelengths predicted for these spectra 
by the same combination of theoretical results as used here 
are again in excellent agreement with the observations. 

J. Phys. Chem. Ref. Data, Vol. 12, No.2, 1983 

The ls2s 3SI-ls2p 3p~ and ls2s 3S1-1s2p 3p; separa
tions- h~ve been determined to ±4--;n:d-±3- cm.:I, respective. 
ly, from measurements of the spectra of foil-excited beams 
[DeSerio et al.l. The separations of these three levels as cal
culated by Ermolaev and Jones have here been adjusted to 
the experimental separations by additions of -12, -11, and 
+ 20 cm- 1 to the 3S1, 3p~, and 3p; levels, respectively. 
DeSerio et al. include calculations of the above separations 
and references to other experimental and theoretical results 
for these separations in Si XIII and other He I-like spectra. 

No other Si XIII Is21 term differences have been deter
mined with comparahle accuracy 7 and uncertainties of a few 

hundred em -I should probably be assumed for the theoretical 
values not tested hy experiment. Ermolaev and lones' value 
for the ls2p 3p~ _I p~ separation in S XV agrees to within less 
tbaR.~n~~different valueS.Jor thi~~~aration 
obtained from calculated energies quoted. hy Schleinkofer et 
al. The largest discrepancies between the calculations of 
Si XIII Is21 terms by Safronova as compared with those by 
Ermolaev and Jones occur for the 1s2s ISo and ls2p 1 p; 
levels; the discrepancies are comparable in magnitude hut of 
opposite sign, so that the respective predicted values for the 
Is2s ISo~1s2p Ip; separation differ by 702 em-I. The ls2s 
and Is2p triplet-singlet mean term values from Safronova's 
calculations agree with the corresponding values from 
Ermolaev and Jones to within 200 cm -1. 

The 1sns and lsnp terms for n=5-10 and the lsn1 terms 
for n>3, 1>2 (given complete through n=6) were calculated 
with series formulae [Martin] and the adopted limit. The 
various theoreticttl results used in evaluating the formulae 
constants for all the 1<;.3 series are cited in the reference. 
The formulae predict the values of all terms below the Is 2S 

limit, the terms for 1>4 being taken at the hydrogenic rela
tivistic positions for Zc= 13. 

The ls3d 3D2-
3D1 fine-structure interval of 29 cm-1 is 

from Vainshtein and Safronova's [1976] calculation. No 
calculations of the fine structures of the higher lsnd 3D 
terms are available, and the assumption of relatively small 
3D2- 3DI intervals for these terms may not be correct 
[Martin]. 

No lines belonging to Si XIII transition arrays of the type 
1sn1-1sn'l' (2<;.n<n') have been observed with sufficient ac
curacy to test the calculated level separations. The predicted 
separations most likely to be of interest are probably ac
curate to within errors varying from a few parts in 105 to 
amounts larger than 1 part in 104

• The levels are given to 
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the nearest cm -1 only to facilitate accurate comparisons of 
some predictions of possible interest (fine-structure intervals, 
separations of some higher-lying terms, etc.). 

Transitions of the type Isnl-21'nl" (n>2) from doubly
excited configurations in Si XIII can give rise to satellite 
features near the Si XIV Is 2S_2p 2po resonance doublet at 
6.18 A. Boiko et aI., for example, compare experimental and 
calculated intensities of several such features as observed in 
spectra of laser-produced plasmas. Most of the satellite lines 
are classified as blends of two or more transitions, the 
stronger features being assigned to 2s2p and 2p2 upper 
-configurations~T-he--relativ-ei>0sitions-Of--the-levels . of the-2s~ 
2s2p, and 2p2 configurations given here are from calculations 
by Vainshtein and Safronova [1976]; their values with 
respect to the ground level were reduced by 2200 em-I, so 
that the wavelengthe for the important tram,itiom; of the t y pt: 

Is21-2121' given by the levels here agree with the corre
sponding wavelengths calculated by Vainshtein and 
Safronova [1978] to ·within 0.0002 A (±500 em-I). The 
experimental wavelengths of the stronger features measured 
by Boiko et aI., which are probably accurate to about 
±0.0010 to ±0.0015 A, in general agree with the cal
culated wavelengths to within such errors. We list the levels 
to the nearest 100 em-I. 

The still higher configurations of the type 21'nl" (n>3) 
can give rise to satellites of both the Is-2p and Is-np 
-resonance lines-uf-SrxtV;Lhe,two-transition--typesiJeing 
Isnl-21' nl" and Is21-21' nl". Some features nearest to the 
Si XIV Is 2S_2p 2po doublet were classified as blends of 

Si XIII transitions of the first type (for n = 3) in the spectra 
observed by Boiko et a1. Vainshtein and Safronova [1980] 
give calculated wavelengths for such transitions. 
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Si XIII 

Configuration Term J Level Configuration Term J Level 
(em-I) (em-I) 

Ii IS 0 0 ls3p Ipo 1 [17603 -422] 

1628 3S 1 [14 83G 94G] 1s4s 3S 1 [18479389] 

ls2p 3po 0 [lJ" 9J,,9 760] ls4p spo 0 [18 J,,92 307] 
1 [1-49515-45] 1 [184.92.?f7] 
2 [1J" 958 691] 2 [18 J,,93 J,,30] 

ls2s IS 0 [14958753] ls4s 1S 0 [18492532] 

Is2p lpo 1 [150-420-40] Is4d 3n 1,2 [18500 576] 
3 [18500926] 

Is3s 3S 1 [17546734] 
Is4d In 2 [18501245] 

ls3p 3po 0 [17578029] 
1 [17578568] ls4{ 3Fo,lFo 2,3,3,4 [18501-452] 
2 [17580689] 

Is4p 1po 1 [18502736] 
ls3s 1S 0 [17 579166] 

Is5s 3S 1 [18907613] 
ls3d 3n 1 [17 598002] 

2 [17598031] Is5p spo 0 [1891-41-4-4] 
3 [17 598 849] 1 [1891-4262] 

2 [1891-4719] 
ls3d In 2 [17599605] 
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Si XIII-Continued 

Configuration Term J Level Configuration Term J Level 
(em-I) (em-I) 

Is5s IS 0 [18914246] IsSs IS 0 [19369848] 

ls5d 3n 1,2 [18918351] Is8p Ipo 1 [19371113] 
3 [18918530] 

Is9s 3S 1 [19429907] 
ls5d-- - ~- --2- ~ f--[-18-918-694~- - --

Is9p 3po 0 [19431012] 
Is5f 3F°,lFo . 2,3,3,4 [18918801] 1 [19431033] 

I 
2 [19431111] 

Is5g 3G,IG 3,4,4,5 [18918894] 
ls9s 1S 0 [19431014] 

!s5p Ipo 1 [18919421] 
ls9p Ipo 1 [19 431 ~02] 

is6s 3S 1 [19139084.] 
1810s 3S 1 [19473934] 

ls6p 3po 0 [19142846'] 
1 [19142915] Is10p 3po 0 [19474739) 
2 [19149179] 1 [19474754] 

2 [19474811] 
1s6s IS 0 [19142875] 

18 lOs IS 0 [19474740] 
IsM -

3D ~ rI9 145268J __ -

3 [19145372] Is10p Ipo 1 [19475387] 

Is6d In 2 [19145467] ................................... ............................ ................. ............................. 

Is6f 3Fo,IFo 2,3,3,4 [19145529] Si XIV eSlIz) Limit [19660800] 

ls6g 3G,IG 3,4,4,5 [19 145579] 2s2 IS 0 [30812900] 

ls6h 3Ho,IHo 4,5,5,6 [19145 6'10] 2s2p 3po 0 [30839900] 
1 [30843900] 

ls6p Ipo 1 [19145877] 2 [30853000] 

Is7s 3S 1 [19278195] 2p2 3p 0 [30942600] 
1 [80947800] 

187p 3po 0 [19280555] 2 [30954800] 
1 [19280598] 
2 [1928076'4] 2p2 In 2 [31007 100] 

187s IS 0 [19280567] 2s2p Ipo 1 [31014400] 

1s7p Ipo 1 [19282 45&] 2p2 IS 0 [31177700] 

IsSs 3S 1 [19368266] Si XIV 2p(2Pi/2) Limit [35 826' 800] 

Is8p 3po 0 [19 36'9 843] 
1 [1936'9872] 
2 [1936'9984] 
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Si XIV 

Z=14 

H I isoelectronic sequence 

Ground state Is 251/2 

Ionization energy 21 560 658± 80 cm-I (2673.202 ± 0.012 eV) 

The values of all the levels except Is 25112 and 2s 25112 

were obtame<l----t>y comnmmg term values calculate<lDY 
Erickson with the ionization energy listed here. Practically 
all of the uncertainty iiI the calculated absolute energy of the 
Is 251/2 ground level is due to the self-energy contribution to 
the Lamb shift. The values for this self energy obtained from 
calculations by Mohr [1974] and by 5apirstein are less than 
Erickson's value by 57 and 81 em-I, respectively, for Z=14. 
The ionization energy given hel-e is 57 cm-l greater than 

Erickson's value, and thus represents Mohr's result for the 
self energy combined with Erickson's values for all the other 
contributions. The uncertainty is perhaps somewhat conserva
tively taken as equal to the largest difference between the 
three cited calculations of the self energy; the errors 
estimated by Erickson, Mohr, and 5apirstein for their respec
tive results correspond to ±8, ±19, and ±13 em-I. The 
error in the ionization energy also applies to all the excited 
levels with respect to the ground level. The error for the 
ionization energy in units of e V includes the uncertainty of 
the conversion factor. 

The position of the 2s 25112 level is taken to give a 
2s 25112-2p 2p;/2 Lamb shift of 531 em-I, in agreement with 
Mohr's calculation [1975] as evaluated for 5i XIV by Kugel 
and Murnick. Erickson's value for this separation is 
537.5 em-I. We list all levels (to the nearest em-I) through 
n=5 and the ns and np levels through n= 10. Erickson's 

table of levels is complete through n = 11 and has the ns, np, 
arulnt(l =n~l)leVelSllirougn n = 20~ 

The experimental uncertainties of wavelength measure
ments made thus far· in the region of the 5i XIV Is-np 
resonance series are very large in comparison with the esti
mated errors in the theoretical wavelengths. Aglitskii et al. 
measured the tWo wavelengths of the Is 25_2p 2po doublet 
near 6.18 A with stated uncertainties of ±0.0010 A, which 
CUl"Ce:::;pulU}:::; tu ±2600 cm-I

• Their relSuiLlS agl"ee with the cal

culated values of the levels given here to within this uncer
tainty, but an improvement of the experimental accuracy by 
about two orders of magnitude would apparently be neces
sary to test the theoretical results. 
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SiXIV 

Configuration Term J Level Configuration Term J Level 
(em-I) (em-I) 

Is 28 % 0 4s 28 % [20213606] 

2p 2p " % [16165987] 4d 2D % [20215304] 
% [16 180 140] % [20215891] 

2s 28 % [16166518] 4f 2Fo % [20215890] 

3p 2po 1/2 
% [20216183] 

[19164 600] 
% [19168794] 5p 2po % [20698801] 

3s 28 % 
% [20699 706] 

[19 164761] 
5s 28 % [20698836] 

3d 2D % [19168787] 
% [19170178] 5d 2D % [20699705] 

4p 2po % 
% [20700005] 

[20213538] 
% [20215307] 
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Si xlv-Continued 

Configuration Term J Level Configuration Term J Level 
(cm-I) (cm-I) 

5f 2FO % [20700005] 8s 28 Y2 [21224204] 
7/2 [20700155] 

9p 2po % [21294843] 
5g 2G 7/2 [207001551 % [212949981 

% [20700245] 
9s 2g % [21294849] 

6p 
~-

2ro !k-- _ --120 962 298] - -

% [20962822] lOp 2po 1/2 [21 $45369] 
% [21 3-'15482) 

6s 28 % [20962318] 
lOs 28 % [21 345 373] -

7p zpo 12 [21121130] 
% [21121460] ................................... .......................... .................. ............................. 

7s 28 % [21121143] Limit [21560658] 

8p 2po % [21 224195] 
% [21224416] 
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